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11.0 CUTTER SEALER AND SPLICER MECHANISMS 
The PPS/DP EAC contains four cutter/sealers (C/Ss), the aft backup cutter, two 


These are all spring-loaded, pyro~actuated devices used in the termination and 


recovery of film (see Part 3, Section 12). 
Lit Function 


Cutter/sealers 1 and 2 are mounted on the capsule covers of SRY i and SRV 2 
respectively, When actuated, they cut any film not rolled into the SRV, and 


Seal the capsule against the external environment. 


iD Cutter/sealers Band 4 and the ‘SRT assemblies are mounted in the 9 and 5 
TSRT enclosures, The cutter/sealers act as film—path light and pressure seals 
after the separation of SRV 1, and as redundant cutters to C/S 1. Their io- 
cation aft of the tunnel separation points. ensures that any film trapped in 
the tunnel will not affect separation of the ejectable adapter (EA). The 
TSRTs, cutter/sealers with the blade removed, trap and hold any film left be- 
tween. the TSRT enclosures and splicers. They also serve as rediindant light 


and pressure seals for the 9 and 5 film paths. To ensure that the free end 


43 of ary film trapped by the 9 TSRT does not enter the film path to SRV 2, a 
shield is Wounted aft of the Station 34.5 bulkhead between the TSRT and the 


film path to SRV 2. 
The eft backup cutter (ABUC) is a ciitter/sealer with the sealing gasket re- 


moved. Mounted in the film supply enclosure, it acts as a redundant cutter 


to C/S 2. The 9 and:5 splicer mechanisms are located in the film supply 
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enclosure, attached to their respective supplies. The film is guided to 
take-up (T/U) 1 by the splicer mechanisms until commanded to transfer the 
path to T/U 2. Upon actuation, the film strand is spliced onto the leader 
from T/U 2 and then severed ahead of the splice. The film tail is free to 
be rolled into SRV 1, while the splicer guides the remaining film into 


SRV 2 for the second half of the mission. 


The functions of the cutter/sealer and splicer mechanisms are summarized in 
Table 3,1l1-1. Figure 3.11-1 shows the location of the devices with respect 


to other components in the vehicle, 


The following sections describe a typical cutter/sealer and a splicer, Due 
to the similarities of the cutter/sealers, TSRTs, and the aft backup cutter, 


one example will apply to all, with differences being noted where appropriate. 
11.2 The Cutter/Sealer Mechanism 


As shown in Figures 3,11-2 through 3.11-5, the cutter/sealer consists of 

four subassemblies: the baseplate, the pivot door assembly, the latching 
mechanism, and the electrical connector and circuit board, Each cutter/sealer 
is approximately 15 inches long overall, and weighs about 3 pounds, The base- 
plate opening measures 1.5 by 10.75 inches, with the actual free-film path 
slightly less due to encroachment by the cutter/sealer blade guard (see 

Figure 3.11-4). No smaller cutter/sealer has been designed for the 5 


film subsystem, 
11.2.1 Latching Mechanism 
The latching mechanism holds the pivot door open until the cut/seal function 


is commanded. The latch release is actuated by redundant pyrotechnic de- 


vices (dimple motors), either one of which is capable of operating the 
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TABLE 3.11-1 
FUNCTIONS PERFORMED BY CUTTER/SEALER AND SPLICER MECHANISMS 
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Figure 3.11-1. Cutter/Sealer and Splicer Mechanism Locations 
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Figure 3,11-2. Cutter/Sealer Assembly (Partially Closed) 
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Figure 3,11-3. Cutter/Sealer Assembly (Open) 
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END_VIEW_ i 
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NOTES: 


1. Base opening measures 1.5 x 10.75 inches. 
2. Drawing is not to scale. 
3. Dimensions are in inches. 


Figure 3,11-4. Cutter/Sealer Film Path Space Location 
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Figure 3.11-5. Typical Cutter/Sealer Device 
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mechanism. Separate, electrically isolated firing signals are provided to 


each pyro on twisted, shielded wires from the initiator electronics unit, 
11.2.2 Pivot Door Assembly 


The pivot door supports the serrated cutting blade and the blade guard. In 
the event that film tension is lost, the guard will prevent damage to the 
film by the knife blade, Torsion springs along the door hinge provide the 
driving force for operation, A gasket on the door seats on an identical 
gasket in the baseplate forming a light- and pressure-tight seal when the 
door is closed, Note that, as stated previously, the cutting blade and 
blade guard are removed from the TSRT mechanisms, and the gaskets are re- 


moved from the aft backup cutter. 
11.2.3 Electrical Interconnection and Instrumentation 


All electrical signals, including the pyro firing pulses, are routed through 

a single 19-pin connector at one end of the cutter/sealer. The bracket sup- 
porting this connector also supports a mounting board for the instrumentation 
circuitry. The bracket on TSRT devices is slightly different in that the 
connector is extended from the TSRT by a short length of cable. The micro- 
switches illustrated in Figure 3.11-5 are used to monitor the door position, 
providing redundant outputs. Switches Sl and S2 and their associated pro- 
cessing circuitry are powered from the +S-vde instrumentation supply, while 
switches S3 and S4 and their processing circuitry are powered from the +15-vdc 


supply. The output levels for these monitors are identical: 


0.50 volt Actuation has not occurred, 
2.50 volts The pivot door is in transit. 


4,50 volts The operation is complete. 
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Ti.é.,4 Cutter/Sealer Operation 


The following discussion refers to Figure 3.11-5. 





Upon command, the dimple motors in the latching mechanism are actuated, 
forcing the upper latch to pivet rearward, The lower latch is then reiéased 


and the torsion springs pull the door free. The door is forced shut by the 





springs and the film strand(s} seveted by the knife blade. Under norinal 
‘force loads the door is held shut by the residual force of the springs. Twe 
latches, which supply a positive locking force, are included to guard against 


the effect of sheck lodds or other abnormal forces, 
se Snlicer Mechanism 


Mechanical details of the splicer mechanism are illustrated in Figures 3.11-4 


through 3,11-8, Each splicer measures approximately 5 x 7.5 x 14 inches, 





and weighs about 10 pounds, For purposes of discussion, the mechanism has 
been broken down into four subassemblies: the pyretechnic dimple motors and 
drive linkage, the shuttle assembly, the platen assembly, and the electrical 


connectors and instrumentation. 
11.3.1 Dimple Motors and Drive Linkage 


The drive linkage, illustrated in Figure 311-8, consists of the encoder 





shaft, the drive shaft, and the crank bars and pantograph arms. 





The encoder shaft is geared lil to the drive shaft. The instrumentation én- 


coller is mounted at one end of the encoder shaft, while at the opposite end 


the latch wheel and latch provide the holding force and actuation control for 





the splicer. The latch is released by firing redundant dimple motors, either 
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Figure 3.11-6, Splicer Mechanism 
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one oF which is capable of providing sufficient force for the task. Sena- 
rate firing pulses are provided to each on twisted, shielded wires from the 


initdator electronics unit. 





Torsion springs mounted on the drive shaft provide the energy for the splicing 
operation, The driving forcé is transmitted to the encoder shaft through the 


‘mating gears, and to the pantograph linkage by two crank bars, one at each end 





of the shaft. Use of the pantograph arm design to generate the shuttle mo- 
‘tion ensures that the shuttle assembly will press squarely on the splicing 


platen, 
11.3.2 Shuttio Assembly 
The shuttle assembly is a metal structure supporting the upper blade and 


pressure pad, The biade has a serrated edge which meshés with a similar 


atationary blade on the lower structure te sever the film strand fust after 





the pressure pad has formed the splice, At each end of the shuttle struc- 
ture is a setscrew which activates a gate release lever after the splice/ait 


has been accomplished, 
11.3.3 Platen Assembly 
The platen assembly is composed of the nlaten housing, film-puide rollers, 


and gate structure, The platen assembly holds the film leader fram SRY 2 


and provides a‘surface upon which the shuttle assembly can press together 





the film strand and leader/splicing tape. The platen housing supparts two 
filteguide rollers and the gate structure. A special inset on the housing 
forms a pad against which a serrated edge on the gate clamps the leader, A 


positive stop leader is incorporated to prevent the leader strand from being 





pulled out of the splicer inadvertently (see Figure 3.11-9). Four adjustable 
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Figure 3,11-9. Positive Stop Leader 
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clamping posts (snubbers} are mounted on the gate and extend through slots 
in the platen housing to hold the leader tight against the lower roller. 
The snubbers are used as an assembly aid and are not considered the primary 
holding mechanism for on-orbit operation. The gate, when released by the 
shuttle assembly, is forced away from the platen housing by three leaf 
springs, freeing the leader and spliced film to be rolled into SRV 2. At 
the same time, a tab at each end of the gate releases an instrumentation 


microswitch monitoring gate position. 
11.3.4 Electrical Connectors and Instrumentation 


All electrical signals, including the pyro firing pulses, are routed through 
a single 19-pin connector. A second connector, supported by the latch mech- 
anism, directs the pyro firing pulses from the input connector to the dimple 


motors. 


Circuitry for the instrumentation monitoring points consists of the gate micro- 
switches, a dual-track mechanical encoder, and the necessary signal processing 
electronics. With the exception of the microswitches and encoder, all instru- 
mentation circuitry is contained on a single terminal board attached to the 
splicer housing. Redundant instrumentation outputs are generated, one powered 
by the +15-vde regulated supply, the other by the +5-yvde regulated supply. 

Each is isolated electrically from the other, and consists of a single-gate 
microswitch, one track of the encoder, and the associated electronics (see 


Fipure 3,11-8). 


Output of the monitors occurs in four discrete steps and is the same for either 


point: 
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1,0 volt The assembly is cocked. (After release of the 
assembly, the 1,0-volt output will remain until 


the drive shaft has rotated 10 degrees.) 


1,5 volts The assembly is not cocked. (This level begins 
at 12 degrees rotation, the encoder switching 
point, and continues until gate release.) 

Note: The actual splice/cut operation occurs 


between the not-cocked and gate-release 
positions, 


3.5 volts The gate is released at 120 degrees rotation. 


(Microswitch is released.) 


4,5 volts Encoder switching point occurs at 155 degrees 
rotation. (This level continues through the 


remainder of rotation.) 
11.3.5 Splicer Mechanism Operation 


The splicer mechanism guides the film strand going to SRV 1 until it is com- 
manded to splice this strand onto the leader from SRV 2, Actuation of the 
pyrotechnic dimple motors releases the latch wheel on the encoder shaft, 
allowing the torsion springs to drive the splicer, The drive shaft rotates 
and imparts a cranking motion to the pantograph arm connecting links (crank 
bars), driving the shuttle assembly downward. The film strand is pressed 
onto the leader/splicing tape from T/U 2 by the pressure pad, and the 

upper and lower knife blades mesh, severing the film strand at a point just 
ahead of the splice, As the shuttle moves lower, a post at each end of the 


assembly activates a gate release lever, and leaf springs force the gate 
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backwards to free the leader. The drive shaft continues to rotate, lift- 

ing the shuttle assembly clear of the film. Shuttle motion is stopped at 
approximately 270 degrees of rotation by contact of the upper shuttle section 
with the splicer housing. Total time for the splicing operation is typically 
125 milliseconds from the beginning of motion to the end of the cycle. 

Figure 3,11-10 illustrates the sequential events of splicing as a function 


of drive shaft rotation. 


At this point, the film has been attached to the leader from SRV 2, the film 
strand to SRV 1 has been cut, and the gate has been released. The leader 
and film are then free to be pulled into SRV 2, As a part of the splicing 
operation, the SPLICE/CUT command (9 or 5) has also closed a set of relays 
in the initiator electronics unit, steering the take-up control signals to 
both take-up 1 and take-up 2, and allowing the loose film strand to be 
rolled into SRV 1 as take-up 2 operates. The control signal will be re- 
moved from take-up 1 upon execution of the ROLL-IN TERMINATE command, 


11.4 Instrumentation Summary 
A summary of the instrumentation associated with the cutter/sealers, 


the aft backup cutter, the tunnel seal and record traps, and the splicer 


mechanisms is presented in Table 3.11-2. 
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Notes: (1) Position versus event mumbers typical; unit-te-unit 
variation may exceed 15 degrees. 
(2) Bettom dead center (BDC) corresponds to maxima 
pad pressure. 
{3} Voltage levels represent instrumentation output states. 


Figure 3,.11-10. Sequential Events vs Shuttie Drive Position 
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TABLE 3.11-2 
INSTRUMENTATION SUMMARY 


Title Description Power 
Cut/Seal 1 (9 and 5) Two microswitches with associated divider circuitry, #5 vde 


located on the cut/seal mechanism, monitor the status 
of the mechanism, One switch monitors the cocked 
position of the door before actuation, and the other 
monitors the completed transition of the door to the 
cut (closed/latched) position, The output is in three 
states: 


(1) quiescent (0.50 volt} 
(2) in-transit (2,50 volts) 
(3) completed (4.50 volts) 


This description applies to all cutter/sealer-style 
mechanisms; cutter/sealers 1 through 4, TSRT 9, 

TSRT 5, and the aft backup cutter (see IMPs 5277, 
5283, 5284, 5278, 5305, 5081, 5082, 5279, 5280, 5083, 
5084, 5285, 5286). 


Cut/Seal 1 ( 9and 5) Redundant case of IMP 5276* #15 vde 
Cut/Seal 2 (9 and 5) Similar to IMP 5276 +5 vde 
Cut/Seal 2 (9 and 5) Redundant case of IMP 5283* 415 vde 
Cut/Seal 3 (9 TSRT) Similar to IMP 5276 +5 vide 
Cut/Seal 3 (9 TSRT) Redundant case of IMP 5278* #15 vde 


* Electrically and mechanically redundant, 
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Title 
Cut/Seal 4 (5 TSRT) 
Cut/Seal 4 (5 TSRT) 


Tunnel Seal and Record 
Trap (9) 


Tunnel Seal and Record 
Trap (9) 


TSRT (5) 
TSRT (5) 


Aft Backup Cutter 
(9 and 5S) 


Aft Backup Cutter 


(9 and 5) 


Splice/Cut (5) 
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Description Power 
Similar to IMP 5276 45 vde 
Redundant case of IMP 5082* +15 vde 
Similar to IMP 5276 45 vde 
Redundant case of IMP 5279* #15 vde 
Similar to IMP 5276 +5 yde 
Redundant case of IMP 5084* #15 vde 
Similar to IMP 5276 +5 vde 
Redundant case of IMP 5285* +15 vde 
An encoder and a microswitch with associated divider net- +5 yde 


work, located in the splicer mechanism, monitors the three 
separate functions representative of the splice/cut opera- 
tion, The encoder has two separate switching outputs re- 
presentative of the initial status {cocked/not-cocked) and 
the position of the shuttle assembly motion (before BDC/ 
after BDC). BDC (bottom-dead center) is the position 
corresponding to maximum pad pressure on the platen, BDC 
occurs after the splice/cut has been performed, The micro- 
switch indicates the gate position (latched/not-latched). 
The normal initial and completed conditions are: latched, 


* Electrically and mechanically redundant. 
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TMP Title Description Power 


before BDC, and cocked (1.0 volt}; not-latched, after 
BDC, and not-cocked (4.5 volts}, The transition levels 
are: latched, before BDC, not-cocked (1.5 volts}: not- 
latched, before BDC, not-cocked (3.5 volts). 


5085 Splice/Cut (5) Redundant case of IMP 5086*, using similar inputs from #15 vde 
separate encoder tracks and a separate microswitch 

5281 Splice/Cut (9) Similar to IMP 5086 +5 vide 

5282 Splice/Cut (9) Redundant case of IMP 5281* +15 vde 

5536 Cut/Seal 1 1 A latching relay in the initiator electronics unit +5 vde 


monitors generation of a pyro firing pulse for pyro 1 

in cutter/sealer 1. The output is connected either to 
instrumentation return, or when closed by a firing pulse, 
to +5 vde in series with an isolation resistor. The output 
is digitized by the digital telemetry unit (DTU), resulting 
in a binary signal: 


go-Ti's 


"oO" Quiescent 


1 j" Fired 


Individual monitors and firing circuits are provided for 
the redundant pyros in the device. 


5537 Cut/Seal 1 2 Similar to IMP 5536, monitors the firing pulse output to +5 vde 
the redundant pyro in cutter/sealer 1 


5546 Cut/Seal 2 1 Similar to IMP 5536 +5 vde 


* Electrically and mechanically redundant, 
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IMP Title Description Power 


5ha7 Cet/Seal 2 - 


BS 


Similar to IMP 5536, monitors the firing pulse output #5 vde 
to the redundant pyro in. cutter/sealer 2 


5538 Cut/Seal 3 1 Similar to TMP S536 +& vde 


5539 Cut/Seal 3 


Similar to IMP 5536, monitors the Firing pulse output #8 vde 
to the redundant pyro in. cutter/sealer 3 


$544 Cut/Séal 4 1 Similar to IMP 5536 #5 vde 


5345 Cut/Seal 4 2 Similar to IMP 5536, monitors. the firing pulse output +5 vide 
to the redundant pyro in cutter/sealer 4 


5540 ‘TSRT 5 1 Similar to IMP 5536 +5 -vde 


Lea 
ine 


$541 TSRY Similar to IMP 5536, monitors the firing pulse output #5 vee: 


to the redundant pyro in TFSRT $ 


C2" TLS 


S542. TSeRT o 1 Siwitar to IMP 5336 45 wde 


5543 TSRT 9 2 Similar to IMP $536, monitors the firing pulse output $5 vde. 
to the redundant pyro in TSRT 9 


$530 Aft Backup Cutter 1 Similar to IMP 5536 #5 vde 


5531 Aft Backup Cutter 2 Similar to IMP 5536, monitors the firing pulse autgat +5 vdeo 
to the redundant pyro in the aft backup cutter 


$834 5 Splice/Cut 1 Similar to IMP $536 #8 vide 


5535 5 Splice/Cut 2 Similar to IMP 5536, monitors the firing pulse outpiit +5 yde 
to the redundant pyro in the 5 splicer mechanism 


5532 9 Splicé/Cut 1 Similar ta IMP $536 +5 yie 


Handle via BYEMAN 
Gontral System Qaly TOP CeeT & 


Approved for Release: 201 7/02/14 C0O5097360 


1op-SEcret 2 


IMP 
5533 
5119 
Cast 
be 5121 
he 
cs 


Title 


9 Splice/Cut 2 


CBM for TEU (#5)* 


CBM for IEU (#6)* 





Approved for Release: 2017/02/14 C05097360 
Bi F-008- W-C-019842-RI-80 





Description Power 
Similar to IMP 5536, monitors the firing pulse output +5 vde 


to the redundant pyro in the 9 splicer mechanism 


Latching relays, operating in parallel with the command #15 vde 
relays of the IEU, monitor the receipt of commands from 

the satellite control section. Four relays and a re- 

sistance network form a D/A converter whose output 

occurs in 16 discrete steps ranging from 0.25 volt to 

4,75 volts in 0.3-volt increments: 


Rit 1 (LSB) = Cut/Seal 2A** 

Bit 2 = Cut/Seal 1A 

Bit 3 = 5 Splice/Cut A 

Bit 4 (MSB) = 9 Splice/Cut A 

Similar to IMP 5119, monitors the "side B" input circuitry: 45 vde 

Bit 1 (LSB) = Cut/Seal 2B 

Bit 2 = Cut/Seal 1B 

Bit 3 = 5 Splice/Cut B 

Bit 4 (MSB) = 9 Splice/Cut B 


* CBM - Command Bit Monitor 
** A refers to "side A" input circuitry in the IEU. 
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11.5 Command Summary 
© 11.5.1 Splice and Cut Commands 


9 SPLICE AND CUT (P02766, P01766, P03766) 
5 SPLICE AND CUT (P02573, P01573, P03573) 


Gc Funetion: a, Actuate the splicer mechanism (9 or 5) 


b. Connect the 9 and/or 5 take-up control 
Signals to SRV 2 





Interlocks: Enable the 9 ROLL-IN TERMINATE and/or 
5 ROLL-IN TERMINATE commands 


Comments: a, Film must be stationary for execution of 
these commands, 





b, Tension should be removed from the splice 
soon after formation (typically within 10 minutes). 


(> ¢, After execution of the first splice/cut, the 
loose tail of the film must be rolled into 


SRV 1 before any film is moved in the other 
camera subsystem, 


11.5.2 Cut .and Seal 1 Command 


CUT AND SEAL 1 (P02572, P01572, P03572, MP00045) 


Function: Actuates - cutter/sealer 1 
cutter/sealer 3 
Gq , cutter/sealer 4 
TSRT 5 
TSRT 9 
Comments? This command is not normally given prior to rolling 
in the 9 film and 5 film left between SRV 1 and the 
o splicer mechanisms after the SPLICE AND CUT commands 


are executed, 
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41.5.5 Cot and Seal 2 Command 


GUE AND SEAL 2 (P02577, POLS77, PO3577, MPO60062} 


‘Function: Actuates - cutter/sealer 2 
art backup cutter 
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u 12,0 TERMINATION AND RECOVERY 
: The recovery of film is accomplished by ejection, deorhit, and retrieval of 
3 the two satellite reentry vehicles (SRV's), Prior to ejection, the SRV‘s are 


supported by the dual recevery module (DRM) portion of the PPS/DP EAC which 
contains the auxiliary equipment (film tunnels, TSRT’s, ete.) necessary for 


on-orbit operation and ejection upon command. 


Subsequent to separation, the SRV is an independent system which must effect 
satisfactory deerbit and atmospheric reentry, and must expedite recovery (air 
catch or water retrieval). Each SRV provides for monitoring and transmission 


of pertinent deorbit/recovery events through two independent radio frequency 


@ {RF} beacons. 


12.1 Dual Recovery Module (DRM} 





The dual recovery module consists of SRV 1, the ejectable adapter (BA}, and 
the fixed adapter (FA), with SRY 2 mounted within the FA. The DRM also con- 
tains auxiliary equipment for film transfer and SRV ejection, including: . 
the film tonnels, the cutter/sealer and TSRT mechanism, the blast shield and 
blast shield valve, pin-puilers and ejection pistons, and associated inter- 
; connection, cabling. Figure 3.12-1 illustrates the internal configuration 
© of the module, Por a more detailed discussion of the components, refer to 


Part 3, Section 1. 
12.2 Photographic Satellite Vehicle (PSV) Retovery Maneuvers 


Prior to execution of the ARM/TRANSPER/SEPARATE command sequence (12.5.1.3), 
the SRV remains passive except for the film take-ups, internal heaters, and 
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instrumentation. Before ejection of either SRV or the EA, the PSV must be 
placed in the proper orbital attitude with respect to the orbital velocity 
vector. It is the responsibility of the satellite control section to pos- 
ition the vehicle in this attitude through either a powered maneuver or 


inertial flight. 
12.2.1 Powered Maneuver 


The attitude for SRV ejection is nose aft, pitched down (see Figure 3.12-2). 
When a powered sequence is used, a yaw maneuver of 180 degrees is followed 


by a pitch down to the desired attitude. 
12.2.2 Inertial Maneuver 


A considerable savings in control gas is realized if the recovery attitude 


is achieved using the inertial flight mode (see Figure 3.12-3). 
12.2.3 Thermal Constraints 


During recovery, the vehicle may be rolled to position the EA and FA pin- 
pullers away from the direction of flight, limiting pin-puller temperature 
rises, and reducing COM curvature (hotdogging). The use of a roll maneuver 
on past missions (typically 36.5 degrees) has proven effective in maintain- 
ing acceptable levels for both. In addition, powered maneuvers into and 
out of the recovery attitude are required under certain orbital conditions. 


For a further description of thermal constraints refer to Part 2, Section 14.5. 


12.2.4 Timing 


In normal missions, SRV 1 will be recovered near the midpoint of the mission 
and SRV 2 prior to the time of PSV deboost. In most instances, it is also 


possible to recover both SRV 1 and 2 on the same revolution if necessary, or 
3.12-5 
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Figure 3,12-2. Powered Yaw and Pitch Maneuver 


Handle via BYEMAN 





e”’<s'e 








Approved for Release: 2017/02/14 C05097360 


—LOL-GECRET 


Approved for Release: 2017/02/14 C05097360 





Hoidte via BYEMAN 
Cortrel Syates Only 














Figure 3.12-3, 


inertial Recovery Sequence Maneuvers 
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4) 
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Mini-Gas Yaw Around 
pi a AR NL 


Establish inertial (Q-rate) pitch and yaw. 
Start 4° feinute roll (i.e.; 180° /45 minutes). 


Maneuver 50% complete (usually at apogee) . 
“Belly-down" rearward flight: start nose 
pitching up at geocentric (4° /mipute) rate, 


Inertial Pitch Down 
pean om ethan ak ha 


Establish inertial flight at time defined by: 
desired pitch down angle 






Separation Time « 


Separation 


Reestablish "belly-down" rearward flight by 
Starting geocentric rate (reverse) and ré- 
connecting horizen sensor errer signal which 
will return vehicle to level, 

Repeat steps 1, 2, and 3 for return te normat 
flight; “belly-down", nose pitching down at 
geocentric rate, 
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separately on any day of the mission.* For the sake of clarity, the PSV re- 


covery events will be discussed individually for each SRV. 
12.3 Ejection 


All recovery-related ejectable components are mated to the PPS/DP EAC using pyro- 
technic pin-puller assemblies. Actuation of the pyros releases the component, 


which is then pushed off by spring-loaded ejection pistons. 
12.3,1 SRV 1 Ejection Sequence** 


Although it is not required, SRV 1 is not normally ejected until both the 9 
and 5 take-up spools have been completely filled. 


12.3.1.1 SPLICE/CUT Command. Prior to initiation of the ejection sequence 
for SRV 1, both the 9 and 5 film strands leading to take-up (T/U) 1 will have 
been severed, and the strands from the camera spliced onto the leaders from 
T/U 2 by the 9 and 5 splicer mechanisms. Actuation of the 9 and 5 film 
splicers is commanded independently, allowing the switchover for each film 
strand to be performed any time prior to the beginning of the ejection se- 
quence. Execution of the SPLICE/CUT (S/C) command also applies the T/U con- 
trol signals to both T/U 1 and T/U 2 for the respective film subsystems (9 
and 5). Normally, tension is removed from the splice by commanding a 10-foot 
camera operation shortly after the splice/cut sequence. The wrap-up of 10 
feet of film onto T/U 2 will also cause T/U 1 to roll the loose strand of 
film into SRV 1. The length of loose film to be rolled-in is approximately 
8.5 feet for the 9 subsystem, and 11 feet for the 5 subsystem. 


*Restrictions on this freedom are a function of the particular orbit 
parameters involved and must be evaluated for each occurrence. 
**For interlocks on the command sequence, see Section 12.10: Command Summary. 
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The contre] signal is removed from T/U 1 by execution of the ROLL-IN TER~ 
MINATE (RIT) command. 


12.3,1.2 GUT/SEAL 1 Command. The CUT/SEAL 1 command, normally given after 
the 9 RIT and 5 RIT commands, activates the cntter/sealer on SRV i (C/S 1), 





the backup cutter/sealers in the 9 and 5 TSRT enclosutes (C/S 3 arid C/S5 4) 
and the TSRT mechanisms (TSRT 9 and TSRT 5}. These devices seal the SRY for 


‘recovery and seal the film tunnels against light, and against debris from the 





SRV 1 tetro-rocket, Additionally, the cutter/sealers will cut any Film not 
tolled onto the T/U spools, and the TSRT mechanisms will clamp and held any 
film left in the film tunnel between the TSRT's and splicers to ensure that 


it cannot jeopardize the second half of the mission. 


$2.3.1,3 EPSM 1 ON Command. The SRV 1 recovery battery heaters (EPSM 1) are 
normally commanded ON four revolutions (three revolutions minimum) prior to 
SRV ejection te establish the proper operating temperature for battery act~ 


ivation. Lf the batteries are activated at low temperatures, a sufficient a 





voltage level might not be reached within the required time for SRV recovery 


subsystem operation. 


12,3.1.<4 ARM/TRANSPER/SEPARATE (ATS) Commands.* On the recovery revolution, 
the PSV positions the SRV in the proper recovery attitude (reference Sectian 12.2) 
atid the SRV is ejected by execution of the ATS command sequence: 

i} ARM The ARM command activates the recovery batteries, 


powering the SRV programmers and event beacons 
and starts the recovery programmer back-up timer. @ 





2) TRANSFER 1.8 seconds** prior to separation, the TRANSFER 
command activates the SRV thermal batteries and in- 
flight disconnect 1 (delayed action}. A lanyard pulls 
the loose IFD cable clear of the SRV, simultaneously cg 
releasing the blast shield valve. Separation of 
IfD breaks. an electrical ground through the con- 
nector,; enabling the SRV dual ejection programmer. 





“For interlocks on the command sequence, see Section 12.10: Command Summary 
eekeotnal values are controlled by GE RESD. & 
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3) SEPARATE The SEPARATE command actuates spinoff dis- 
connect 1 and the two pin-pullers holding 
SRV 1, which is then ejected by push-off 
springs. 
At this point, the SRV is completely independent of the photographic satellite 


vehicle and the internal dual ejection programmer has taken control, 
12.3.2 Ejectable Adapter and SRV 2 Ejection.* 


Following ejection of SRV 1, the second SRV is still contained within the DRM, 
protected by the EA and blast shield. The opening in the blast shield has been 
covered by the blast shield valve, and the film tunnels sealed by the 
cutter/sealers and TSRT's in the TSRT enclosures, The PSV normally remains in 


this configuration during the second half of the mission. 


12.3.2.1 Ejectable adapter (EA) Ejection. EA ejection normally occurs one re- 
volution prior to the ejection of SRV 2 (three revolutions maximum) with the 
satellite oriented in a nose aft, level flight attitude. SPINOFF DISCONNECT 2 

is commanded, isolating the EA from the remainder of the PSV. A spring retractor 
in the FA pulls the disconnected portion of the cable rearward, clear of the 
separation path for SRV 2. At this point, the EA is held only by the three 
pin-puller assemblies. Actuation of the pin-pullers releases the EA, and it 


is pushed off by three equally spaced ejection pistons. 


Since clearance around the nose of SRV 2 is extremely limited, unequal ejection 
forces might cause the EA or the film tunnels to contact the SRV and damage 

its ablative shield. Therefore, the piston springs are assembled in matched 
sets. to minimize any imbalances. (Reference Part 2, Section 15: Ejection 


Analysis.) 





*For interlocks on the command sequence, see Section 12.10: Command Summary. 
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12.3.2.2 SRV 2 Ejection. SRV 2 is sealed upon execution of the CUT/SEAL 2 
command, activating the cutter/sealer mechanism mounted on the SRV (C/S 2) 
along with the aft backup cutter. Normally, CUT/SEAL 2 will not be command~ 





ed until all the remaining film (both 9 and 5} has been rolled into SRV 2, 


SRY 2 ejection follows the same procedure as described for SRV 1. The re- 


covery battery heaters (EPSM 2} are turned ona sufficient time prior te 





separation to stabilize the battery temperatures, and the normal ARM/TRANSPER/ 
SEPARATE command sequence 18 executed. Figure $.12-4 and Tables 3,12-1A and 


3.12-1B summarize the ejection and recovery sequence for each SRV, 
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NOTICE 


The following section is included for informational purposes only. 


General Electric Reentry and Environmental Systems Division (GE RESD) 








manufactures the satellite reentry vehicle, and is solely responsible 
for successful execution of the recovery sequence after proper sep- 


aration from the PPS/DP EAC. 


Event timing, operational constraints, and design information in 
this section have been provided by General Electric RESD and are 
not intended to be contractually binding in any aspect; nor is 
the information herein guaranteed by General Electric RESD or 


BIF~008 to be current. 
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Figure 3.12-4. SRY Sequence of Events 
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TABLE 3.12-1A 
PRIMARY MODE RECOVERY SEQUENCE 


Event or Time of Occurrence Description 
Command (Sec)* 
AANA AAAAAALE RRR MEE IAL T EIS: IME SEEN ETT RR EE, 


i, ARM Command 


Bi F~008- W-C-019842-RI-80 
































Activates both recovery 
batteries. 

Beacon 1 starts operating 
from battery 1, 

Recovery programmer channel 
1 powered. 

Recovery programmer backup 
timer Starts. 

Beacon 2 starts operating 
from battery 2. 

Recovery programmer channel 
2 powered, 





Thermal batteries fired, 
SV/SRV in-flight disconnect 
(IFD) fired (delay type), 


2. TRANSFER 
Command 























SV/SRV IFD operates, dual 
ejection programmer starts. 








SEPARATE 
Command 


SV/SRV mechanical separation, 






Spin squibs fired. 






Spin Signal 








Retro-rocket fired. 





5. Retro-Rocket 
Signal 









6. Despin Despin squibs fired. 


Signal 












¥All times are nominal values unless otherwise indicated, and are 
controlled by GE RESD. 
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TABLE 3.12-1A (CONT'D) 




















Event or Time of Occurrence 
Command (Sec}* 
1s T/C Separa- Ths + 2,04 Topp 
tion. Signal 
8. G Switch Nominal 3.7¢ 
Closure increasing 
deceleration 
(Tee) 
9. G Switch | Nominal 3g 
Opening decreasing 
Pa ea 
(Tho) 
pt 
10. Cover Teo + 26 = Tp 
Ejection 





| 





Description 











Cable cutters fired, 
T/C. ~ RV IFD fired. 


G switch closes. 
Recovery programmer backup 
sequence inhibited, 





G switch opens. 
Recovery programmer 
primary timers start 
timing, 


Cover ejection cartridges 
fired, 

Cover ejected, 

Decelerator chute deployed. 
Main chute bagline 

cutters initiated. 

Forebody normally separates 
at this time, 








ill. Main Chute /|T 
Deployed 
(reefed) 


pt 10,0 = Tuc 














Main Chute 


Blossoms 





Main chute bagline cutters 
operate. 

Main chute deployed (reefed). 
Reefing line cutter 
initiated, 

Forebody separates if it did 
not during event 10. 


Reefing line cutters operate, 
Main chute fully blossomed. 





“Ail times are nominal values unless otherwise indicated, and are 


controlled by GE RESD. 
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TABLE 3,12-1A (CONT'D) 





Description 

















eee 





Aircraft snatches capsule. 











Capsule impacts. (occurs only 
if event 13 is not successful). 


Search and retrieval (if event 
14 occurs). 


ssevvesentesenantanasccesccesecavavesceesecesecoieeaursccesecesanmsenensasntininssmmrannnecnneertg, 





Event or Time of Occurrence 
Command (Sec}* 
13, Air Variable (15,000 
Recovery to 5,000 feet 
altitude) 
14. Water Variable 
Impact 
15. Search Variable 
and 
Retrieval 
16. Sink Event 14 + 40 
hours 





Capsule sinks (occurs only if 
event 15 is not successful), 











*All times are nominal values unless otherwise indicated, and are 
controlled by GE RESD. 
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TABLE 3,12-1B 
BACKUP MODE RECOVERY SEQUENCE 














Event or Time of Occurrence | . Description 
Command Sec)}* 

Bel, thru B-6. Same. as events 1 thru 6 of Table 3,12-1A, 

B-7, B/U Timer Ty + 2048 One pyro within each set of cable 
T/C Sep- cutters fired (if not already 
aration fired by event 7 of Table 3,12-1A 
Signal One T/C - RV IFD squib fired (if 

not already fired by event 7 of 
Table 3.12-1A). 





B/U Timer T, + 2808 Cover ejection cartridges 
Cover Be 
Ejection 


A : : : 
fired, cover ejected, chutes 


deployed, etc. 
This B/U sequence is designed to 





take place prior to or during 
high atmospheric heating; 
therefore destroying the capsule. 





*All times are nominal values unless otherwise indicated, and are 
controlled by GE RESD. 


**Occurs only if backup recovery sequence is not inhibited by Event 8 
of Table 3.12-1A (G switch closure). 
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12,4 Satellite Reentry Vehicle 


As shown in Figure 3,12-5, the SRV is composed of two major sections; the 


thrust cone (T/C), and the reentry vehicle (RV). 


The thrust cone contains the deorbit subsystem, which functions to place 
the vehicle in a reentry trajectory, and includes the retro-rocket motor 
and spin/despin cold gas jets. After operation of the despin jets, the 

deorbit subsystem initiates separation of the thrust cone from the RV to 


reduce the reentry mass and allow the parachutes to deploy. The recovery 
programmer provides a backup thrust cone separate signal (at ARM plus 2048 
seconds) to separate the thrust cone if deorbit subsystem's signal had failed. 


The reentry vehicle consists of a recoverable capsule (containing a 9x5 take- 
up assembly, beacons, batteries, and a programmer), a forebody (with an 
ablative heat shield and liner), a parachute, and a thermal cover. These 

are held together by 4 ejector pistons which, when fired simultaneously, 
eject the thermal cover and mechanically disconnect the capsule from the 
forebody. The thermal cover ejection causes the drogue parachute deployment 
which results in the forebody/capsule separation and initiates the release 


of the main canopy. 


12,5 SRV Deorbit and Recovery Events 


Once ejected, the SRV acts solely in response to the internal deorbit and 
recovery programmers. Upon separation of IFD 1 (the DRM/SRV 1 IFD), the 

dual ejection programmer is enabled and begins timing. The spin jets are 
fired approximately 3.4 seconds later (2.0 seconds after PPS/SRV separation), 
and impart a high-rate spin to the SRV about its longitudinal axis for 
stabilization, This spinning helps maintain the PSV imposed deorbit angle 
during retro-fire, limiting reentry vehicle impact dispersion. The retro- 
rocket is ignited after spin-up and places the vehicle in a ballistic re- 


entry trajectory. After burnout, a second set of cold gas jets fire, slow- 
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ing the spin rate so that the aerodynamic forces encountered during reentry 
can reorient the vehicle attitude, Having completed its task, the thrust 
cone (T/C) portion of the SRV is then éjected and the recovery programmer 


assumes control, 


Upon reentering the Earth's aunosphere, the vehicle attains a nose~first atti- 
@ tude, with the heat shield protecting the recoverable capsule. As the decel- 

eration force increases, the G switches close, inhibiting the backup recovery 

sequence, When the force decreases, the G switches reoven and the primary 


timers of the recovery programmer are enabled. 


Approximately 26 seconds after the programmer starts, the thermal cover on 
the aft end of the reentry vehicle is ejected, deploying the drogue parachute, 
and the forebody is released. The main chute is then deployed in a reefed 
condition, dereefed, and the capsule descends on a fully blossomed parachute. 


{a until caught by the recovery abreraft. 


Tn the event that the G switches do net inhibit the retovery programmer hack- 

up sequence, the backup sequence will fire the devices releasing the thrust cone 
from the RV 2068 seconds after ARM. Similarly, the backup sequence will fire 

the pyrotechnic devices separating the thermal cover from the forebody aporoximately 
2808 seconds after ARM. With parachute deployment taking place prior to or during 
the high atmospheric heating phase, the parachute and capsule will be destroyed 

by aerodynamic heat. 

& Should the capsule land in water (aerial recovery unsuccessful}, it is weighted 
to float nose down, The recevery beacons will continue to transmit until the 
batteries are exhausted, If the capsule has hot been retrieved within 40 hours 
{nomingl time}, a dissolvable plug in the nose will allew flooding and sink- 


ga ing to prevent unauthorized recovery of the film. 
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12,6 SRY Structure 


The structure of the SRV includes (1) the forebody, (2) the recoverable cap- 


sule and parachute covers, and (3) the thrust cone. 


The forebody is a sphere/cone structure 27.6 inches long and 33.6 inches in 
diameter at the aft end, and consists of a phenolic glass liner (reinforced 
by internal structural rings) and an ablative heat shield. The recoverable 
capsule,which is contained within the forebody and supported by the fore- 
body structure, is a sphere/cylinder 25.56 inches in diameter (excluding 
mounting ring) and approximately 19.53 inches long (excluding thermal cover). 
The 9x5 film take-up assembly, manufactured by BIF-008, and the cutter/sealer, 
manufactured by Lockheed Missiles and Space Company for BIF-008, are install- 
ed in the recoverable capsule by GE RESD (reference Part 3, Section 2). 
Thermal baffles are mounted on the aft side of the recovery capsule to pro- 


tect the capsule cover mounted components from the high reentry heat flux. 


The heat shield is an ablative material covering the forebody of the SRV, 

which is painted as required for passive thermal compensation while on-orbit. 
Additional control is provided by internal insulation and the inclusion of elec- 
trical heaters powered from the PPS/DP EAC. The shield protects the SRV 


payload against aerodynamic heating, ablating as the RV enters the atmosphere, 


The parachute assembly thermal cover protects the parachutes during initial re- 
entry. After thermal cover ejection, the forebody is free to fall away from 


the capsule, 


The thrust cone is a truncated, conical-shaped structure containing the deorbit 
subsystem, and is approximately 10.58 inches long, excluding the retro-rocket 
nozzle, with major and minor diameters of 33.31 and 13,89 inches respectively. 
It is attached to the forebody by a looped cable on each side of the SRV. Four 
guillotine-style pyrotechnic cable cutters (two per loop) sever the cables to 


release the T/C from the reentry vehicle, 
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The electrical interface between the SRV and the PPS/DP EAC is through a 55-pin 
commector mounted on the thrust cone portion ef the SRV. This connector, a 
pyro-actuated in-flight disconnect, carries all the electrical signals for the 
SRV including power and commands, and a ground wire between SRV and PPS/DP EAC 
structures. Additional connectors on the SRV are used for testing and have arm 


plugs installed for flight. 


Two lug assemblies on the forebody mate with the pin-pullers on the PPS/DP EAC 
to fasten the SRV to the satellite vehicle. Four ejection-plunger pads are 

built into the thrust cone surface as interface points for the PPS/DP EAC spring- 
loaded ejection plungers. Two additional pads are coincident with the tip-off 


switch plungers which monitor the separation status for instrumentation purposes. 


To eject the SRV from the PPS/DP EAC, the electrical IFD is separated, the pin- 
pullers are released approximately 0.9 second later, and the SRV is moved away 


by the ejection plunger forces. 


The film chute extends from the recoverable capsule through the thrust cone to 
mate with the film chute from the PPS/DP EAC using a special flanged adapter. 
A similar connection is employed between the RV and thrust cone portions of the 


SRV to allow separation of the T/C during reentry. 


12.7 Deorbit Subsystem 


The deorbit subsystem controls events 4 through 7 of Table 3.12-1A. It is 
contained entirely within the thrust cone (Figure 3.12-6), and consists of the 


following major components: 
(1) dual ejection programmer 
{2} thermal relay modules 


(3) thermal batteries 
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(4) retro-rocket assembly 

(5) spin-despin subsystem 

(6) cable cutters 

(7) T/C-RV in-flight disconnect 


(8) film tunnel 


12.7.1 Dual Ejection Programmer and Thermal Relay Modules 


The ejection programmer is a dual (redundant) channel electronic unit provid- 
ing the event timing and firing control for the deorbit functions; spin, 
retro-fire, despin, and T/C ejection. Thermal relay modules are incorporated 
to protect the system from possible electrical short circuits in the thrust 


cone pyrotechnic devices after actuation. 
12.7.2 Thermal Batteries 


Power for the deorbit subsystem is provided by two thermal batteries, each 
powering a single channel of the programmer, The TRANSFER command from the 
PPS/DP EAC fires the battery activation matches, and also initiates the 
time-delay PPS/SRV in-flight disconnect. 


12.7.3 Retro-Rocket Motor 


The retro-rocket motor assembly, consisting of the retro-rocket and ignitors, 
provides the necessary velocity increment to the SRV to effect the deorbit 
maneuver. The motor itself is a solid fuel device designed for controlled 


burning to limit acceleration forces experienced by the SRV components. 
A breakwire installed across the exit of the retro-rocket nozzle alters the 


event beacon modulation providing an indication of successful firing (see 
Section 12.8.5). 
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12.7.4 Spin and Despin Subsystems 


The spin and despin subsystems each consist of a gas pressure tank and ex- 





plosive valve, and two diametrically opposed gas nozzles. The subsystems are 
essentially identical, with the lower despin force being obtained by charging 
the despin tank to a pressure lower than the spin tank, When released, the gas 
is directed through high pressure tubing to the nozzles to form a force couple 
about the SRV roll axis. 





12.7.5 Thrust Cone Ejection 


Following completion of the despin event, the thrust cone is jettisoned from 
the reentry vehicle to reduce weight and permit operation of the recovery sub- 
system. Separation from the reentry vehicle is accomplished by four (2 pairs 
of redundant) pyro-actuated cable cutters. Simultaneously, a second in-flight 
disconnect (the T/C-RV IFD) is fired, breaking the electrical interface between 
the T/C and reentry portions of the SRV. As a fail-safe feature, the recovery 





programmer will provide backup of the initiation cable cutters and SRV T/C-RV 
IFD, An electrical monitor senses separation of the thrust cone and alters the 


event beacon modulation to indicate successful completion. 


12,8 Recovery Subsystem 


Like the deorbit subsystem, the recovery subsystem remains dormant during orbital 


flight until the electrical arm signal from the PPS/DP EAC activates the re- 





covery batteries, powering the recovery beacons and programmer. The recovery «> 
subsystem takes control of the RV reentry and retardation events following the 

deorbit sequence. Components of the subsystem include the batteries, the re- 

covery programmer, the RF beacons, the recoverable capsule valving hardware, and 

the battery and orbital heaters (see Figures 3.12-7 through 3,12-9). The orbital c) 


heaters, although not a part of the recovery subsystem, are included here due 





to their presence in the recoverable capsule. 
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12.8.1 Recovery Batteries and Battery Heaters 


Recovery subsystem power is provided by two remotely activated electrolytic 
batteries having an operating range of 14.8 to 17.0 volts, Within each battery, 
dual initiators are fired by the electrical arm signal to activate the electro- 
lyte charging system. To assure performance, each battery contains a heater 
capable of raising the electrolyte temperature to an adequate operational range 
prior to actuation. Thermostats maintain the temperature at the proper level. 
Power for the battery heaters, EPSM 1 in SRV 1, and EPSM 2 in SRV 2, is pro- 
vided by the satellite vehicle power supply via commandable switches in the 
PPS/DP EAC. 


12.8.2 Orbital Heaters 


The orbital electrical heater tapes, like the battery heaters, are powered 
through commandable switches in the PPS/DP EAC. They are thermostatically con- 
trolled and serve as a supplemental heat source, maintaining the capsule in- 
ternal temperature in a safe range, The heater tapes and controls are mounted 
circumferentially inside the recoverable capsules (Figure 3.12-7), and are set 
to maintain the temperature above 35F (nominal), with a backup thermostat to 


limit temperature to 67F (nominal). 





PED ADAPTER 


Figure 3.12-7. SRV Heater Branches 
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12.8.3 Recovery Programmer 


The recovery programmer consists of the primary sequence dual-channel cir-~ 
cuits (each channel operating from a single, separately dedicated battery), 
the backup sequence circuit (which is powered by recovery battery 1), and 
the pyro firing circuitry. The two independent pyro~firing circuits each 
control one-half of the pyrotechnic devices in the subsystem so that a 


failure in one side will not disable the redundant pyros. 


The recovery programmer sequence of operations is outlined in Tables 3.12~1A 
and 3.12-1B. Changeover from backup to primary control is accomplished by 
action of the G switches which are acceleration sensitive switches that close 
and reopen in response to the changing deceleration forces experienced during 
reentry. 


12.8.4 Parachute Assembly and Deployment 


The parachute assembly is mounted on the capsule cover and protected during 
reentry by the thermal cover and baffle assemblies. Final retardation of the 
capsule is accomplished by two parachutes deployed in three stages of de- 


celeration: 


(1) First stage deceleration is supplied by the decelerator, or 
drogue chute. Actuation of the ejection pistons simulta- 
neously releases the thermal cover, capsule, and forebody. 
The parachute is deployed, the main parachute release is 
initiated, and the forebody falls away as the capsule is 
slowed down. 


(2) Second and third stage deceleration is provided by a single 
main parachute which is reefed during the second stage of 


deceleration and fully open during the third stage. The 


3.12-30 
Handle via BYEMAN 


TOP-SECRET G Control System Only 


Approved for Release: 2017/02/14 C05097360 






































Approved for Release: 2017/02/14 C05097360 


IO SECRET es 


Bif-00g- W-C-019842-RI-80 


purpose of the staging sequence is to reduce the 
peak loads on the main canopy. During the second 
Stage, if not previously accomplished by the first 
stage deceleration (drogue chute), the main chute 
aerodynamic drag provides the force required to 
separate the recoverable capsule from the R/V fore- 
body, permitting the forebody to free fall without 
drag augmentation. After a four-second reefing 
interval, the main chute canopy fully inflates and 
provides sufficient drag to achieve a descent rate 
compatible with air retrieval requirements, 


12.8.5 Recovery Beacons 


The primary function of the beacons is to serve as a location aid for the 
search and recovery operations, As a secondary function, each beacon tel- 
emeters. performance data from the SRV. The event beacon transmits critical 
event sequencing information such as retro-fire and thermal cover ejection, 
while the deceleration beacon transmits deceleration data from the re- 
entry vehicle. 


12.8.6 Capsule Valving Hardware 


The capsule valving hardware functions so as to limit differential pressure 
between the capsule and its external ambient pressure. The valving also 
serves to maintain capsule flotation integrity following water impact, and 


allows the capsule to sink if recovery is unsuccessful. 


Several pressure-sensitive valves are used to permit entry of air into the 
capsule during reentry, and to exhaust air as it sinks. During ascent, the 
major portion of venting is done via the film tunnel, The capsule pop-off 
relief valve may or may not assist in this function depending on the pressure 


levels reached. 
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The sink valve is a dissolvable plug which allows flooding of the capsule after 
a predetermined length of time when immersed in sea water. As the internal 


pressure increases due to the entering of water, the capsule pop-off relief @ 





valve opens to exhaust the air. This water-in/air-out process continues 


until the capsule sinks. 


12.9 Instrumentation <> 


12.9.1 Satellite Reentry Vehicle Instrumentation 


Six temperature points and three battery-voltage monitors make up the instrumenta- 
tion for the SRV. Each temperature sensor is a resistor/thermistor voltage 
divider circuit. The recovery battery voltage is measured by a resistance network 


generating individual and combined readings. 


All instrumentation points in the SRV are powered by the PPS/DP EAC instrumenta- 


tion supplies, +5 and +15 vdc. Output characteristics are fully compatible with 





DTU input requirements and receive no additional processing within the PPS/DP EAC, 


The temperature monitor locations for each SRV are illustrated in Figure 3.12-10. 


A summary of the temperature sensors and other SRV monitors is presented in 
Table 3.12-2. Only those points monitored through the satellite vehicle telemetry 
subsystem are included. Functions monitored via the SRV recovery beacons, and 


those monitored during preflight testing by support equipment are not listed, 

12.9.2 Termination and Recovery Related PPS/DP EAC Instrumentation a0 
A great number of PPS/DP EAC monitors are associated with the recovery of film. 

Table 3.12-3 lists the most important of these. Sensors associated with the 


cutter/sealer, TSRT, and splicer mechanisms are not listed here, but are described «> 


in Part 3, Section ll. 
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Figure 3.12-10, SRV Temperature Sensor Locations 
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TABLE 3,12-2 
SRV INSTRUMENTATION 


DESCRIPTION 


Resistor/thermistor voltage divider cir- 
cuit. Nonlinear output, 30F (3.8 volts) 
to 130F (1.35 volts) 


Identical to IMP 5238 


Resistor/thermistor voltage divider cir- 
cuit, Nonlinear output, 10F (4,15 volts) 
to 140F (1.15 voits) 


Resistor/thermistor voltage divider cir- 
cuit, Linear output, -150F (1,53 volts) 
to 300F (4,99 volts} 


Resistor/thermistor voltage divider cir- 
cuit. Nonlinear output, -150F (1.88 volts) 
to 200F (5,0 volts) 


Identical to IMP 5244 
Part of combined voltage divider network. 
Linear output, 0 volt (0.5 volt) to 17.0 


volts (5.05 volts) 


Identical to IMP 5291 


TO 
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TABLE 3.12-2 (CONT'D) 


TITLE DESCRIPTION POWER 

Recovery Batteries, SRV 1 Resistance network combining voltage of +15 vde ~ 

battery 1 (Ep,) and battery 2 (E, 5) 

according to the transfer function: 

Bout = 0.5 + 0,095 E,, + 0,181 Epo 

Temperature SRV 2 Recovery Identical to IMP. 5238 +5 vde 
Battery, +Y Side 
Battery 2 Temperature, SRV 2 Identical to IMP 5238 +5 vde 
Temperature SRV 2 T/C Retro Identical to IMP 5240 +15 vde 
Attach Point 
Temperature SRV 2 F/B Liner Identical to IMP 5244 +15 vde 
Skirt, X-Axis 
Temperature SRV 2 F/B Liner Identical to IMP 5246 #15 vde 
Skirt, +45 Degrees 
Temperature SRV 2 F/B Liner tdentical to IMP 5246 +15 vde 
Skirt, -45 Degrees 
Recovery Battery 1, SRV 2 Identical to IMP 5291 #15 vde 
Recovery Battery 2, SRV 2 Identical to IMP 5291 +15 vde 
Recovery Batteries, SRY 2 Identical to IMP 5295 +15 vde 
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TABLE 3.42-3 
SRY RELATED PPS/DP EAC INSTRUMENTATION 





TMeP TITLE DESCRIPTION POWER 
5168 CBM* for TEU (#1) Latching relays, operating in parallel with +18 vide 


the command input relays of the TEU, monitor 
the receipt of commands from the satellite 
control section. Four relays and a resistance 
network form a D/A converter whose outpaut occurs 
in sixteen (16) discrete steps ranging from 
0.25 valt to 4.78 volts in 0.3-volt increments: 


TRANSFER 2A**** 


Bit 1 (LSB}** = 
Bit 2 « ARM 28 
- Bit 3 = TRANSFER 1A 
i Bit 4 (MSB}*** = ARM LA 
3 
on $116 CBM for FEU (#2) Similar to IMP $109: 415 vde 


Bit 1 (LSB) = SEPARATE 2A 
Bit 2 * EA SEPARATE A 
Bit 3 a EA DISCONNECT A 


Bit 4 (M86) = SEPARATE 1A 


5117 CEM for IBU (#3) Similar to IMP S1o9: +5 vie 


FRANSFER 2B 
ARM 25 
TRANSFER 1B. 
ARM 1B 


Bit 1 (LSB) 
Bit 2 
Bit 3 
Bit 4 (MSBI 


H oS HOR. 


aCommand Bit Monitor 
**Least Significant Bit 
*eeMost Significant Bit 
EREVAN vefars to side A input circuitry in the [EU 
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TABLE 3.12-3 (CONT'D) 





IMP TITLE DESCRIPTION POWER 
5118 CBM for IEU (#4) Similar to IMP 5109: +5 vde 
Bit 1 (LSB) = SEPARATE 2B 
Bit 2 EA SEPARATE B 


Hh oH uF ff 


Bit 3 EA DISCONNECT B 
Bit 4 (MSB)} = SEPARATE 1B 
5119 CBM for IEU (#5} Similar to IMP 5109: +15 vde 
Bit 1 (LSB) = C/S 2A 
Bit 2 = C/S 1A 
Bit 3 = § S/C A 
Bit 4 (MSB) = 9 S/C A 
ts 5121 CBM for IEU (#6) Similar to IMP 5109: +5 vde 
pee 
in Bit 1 (LSB) = C/S 2B 
od Bit 2 = C/S 1B 
Bit 3 = § S/C B 
Bit 4 (MSB}) = 9 S/C B 
5122 CBM for TEU (#7) Similar to IMP 5109: #15 vde 
Bit 1 (LSB) = MINIMAL ARM 1 ENABLE 
Bit 2 « VIEWPORT DOOR BLOW A 
Bit 3 = VIEWPORT DOOR BU A 
Bit 4 {MSB) = HATCH COVER EJECT A 
5123 CBM for TEU (#8) Similar to IMP 5109: +5 vde 
Bit 1 (LSB) = MINIMAL ARM 1 AND 2 ENABLE 
Bit 2 = VIEWPORT DOOR BLOW B 
Bit 3 = VIEWPORT DOOR BU B 
Bit 4 (MSB) = HATCH COVER EJECT B 


Note: If MINIMAL ARM 1 AND 2 ENABLE is com- 
manded before MINIMAL ARM 1 ENABLE, in- 
strumentation will not indicate execution 
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TABLE 3.12-3 (CONT'D) 





IMP TITLE DESCRIPTION POWER 





5159 CBM for IEU (#9) Similar to IMP 5109: +15 vde 


Bit 1 (LSB) = 5 ROLL-IN TERMINATE B 


Bit 2 = 9 ROLL-IN TERMINATE B 
Bit 3 = 5 ROLL-IN TERMINATE A 
Bit 4 (MSB) = 9 ROLL-IN TERMINATE A 
5500 SRV 1, Arm 1 A latching relay, located in the IEU, is: +5 vde 


operated by the pyro-firing pulse, pro- 
viding an indication of firing signal out- 
put to the pyrotechnic device, The monitor 
is either shorted to instrumentation ground, 
or connected to the +5 vde instrumentation 


tw 
a power through an isolation resistor. The out- 
~ put is digitized in the DTU, resulting in a 
= binary signal (quiescent/fired). 
"0" = Quiescent 
"i" = Fired 
5501 SRV 1, Arm 2 Similar to IMP 5500, monitors the firing #5 vde 
pulse output to arm pyro 2 in SRV 1. 
5524 SRV 2, Arm 1 Similar to IMP 5500, monitors the firing +5 vde 
pulse output to arm pyro 1 in SRV 2. 
5525 SRV 2, Arm 2 Similar to IMP 5500, monitors the firing +5 vde 
pulse output to arm pyro 2 in SRV 2. 
5502 SRV 1, Transfer, Similar to IMP 5500, monitors the firing +5 vde 
Thermal Battery 1 pulse output to pyro 1 in the thermal 
battery. 


Handle via BYEMAN 
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IMP 


5503 


$5.26 


5527 


5504 


Darel s 


5505 


5360 


5528 


5529 


564 


Handle via BYEMAN 
Control System Only 


TITLE 


SRV 1, Transfer, 
Thermal Battery 2 


SRV 2, Transfer, 
Thermal Battery 1 


SRV 2, Transfer, 
Thermal Battery 2 


SRV 1, Transfer, 
IFD 1 1 


SRV 1, Transfer, 
IFD 1 2 


Blast Shield Valve 


SRV 2, Transfer, 
TFD 2 1 


SRV 2, Transfer, 
TFD 2 2 


SRV 1 Separation +Y 





—) Approved for Release: 2017/02/14 C05097360 S eS S 


Bi F-008- W-C-019842-RI-80_ 





TABLE 3,12-3 (CONT'D) 








DESCRIPTION POWER 

Similar to IMP 5500, monitors the firing +8 vde 
pulse output to pyro 2 in the thermal 

battery. 

Similar to IMP 5500, monitors the firing +5 vde 
pulse output to pyro 1 in the thermal 

battery. 

Similar to IMP 5500, monitors the firing +5 vde 
pulse output to pyro 2 in the thermal 

battery. 

Similar to IMP 5500, monitors the firing +5 vde 


pulse output to pyro 1 for IFD 1. 


Similar to IMP 5500, monitors the firing +5 vde 
pulse output to pyro 2 for IFD 1. 


A 5K2 potentiometer attached to the blast +5 vde 
shield valve monitors the valve position, 

providing a linear output ranging from 

4.5 volts (closed) to 0.5 volt (open). 


Similar to IMP 5500, monitors the firing 45 vide 
pulse output to pyro 1 for IFD 2, 


Similar to IMP 5500, monitors the firing +5. vde 
pulse output to pyro 2 for IFD 2. 


A microswitch, actuated by a spring-loaded + 15 vde 
plunger mounted on the forward EA ring near 

+Y, senses the separation of the SRV. The 

output is connected either to ground (un- 

separated), or to a two-resistor voltage 


TO CHET 
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TABLE 3,12-3 (CONT'D) 


SMP _TETLE_ DESCRIPTION POWER 
5564 (Cont td) divider circuit putting out 4.0 volts (sep- 
arated}. The. output is digitized by the DTU, 
resulting in a binary signal: 


sreyee 


i Not Separated, 
wyyy 


Separated 


HOR 


S565 SRY 1, Separation ~Y Similar to IMP 5564, the plunger is mounted +5 vide 
‘On the forward EA wing neax -¥. 


5508 SRV 1, Separation +2 1 Similar to IMP 5500, moniters the firing — 45. vde 
pulse output to pyro i fer the #2 pin-puller. 


Similar to IMP 5500, fionitars the firing +5 vede 
pulse output to pyro 2 for the +2 pin-pulier, 


5509 SRV 1, Separation +2 


OrZEE 
N 


S510 SRV 1, Separation -Z 1 Similar to IMP 5500, monitors the firing +5 vde 
pulse output te pyro 1 for the -Z pin-puller, 


tre 


Similar to IMP 5500, monitors the firing +5 vde 
pulsé output to pyro 2 For the -2 pin-puller, 


$511 SRV 1, Separation ~Z 
5566 SRV 2 Separation +¥ Similar to IMP $564, the plunger is attached #15 vde 
to the SRY 2 mounting ting in the PA near +7. 


5567 SRY 2 Separation -~¥ Similar to IMP 5564, the plunger is attached 45 vie 
to the SRY 2 mounting ting in the FA near ~Y, 


$512 SRV 2, Separation +2 1 Similat to IMP 5500, moniters the firing 45 vde 
pulse output to pyro 1 for the +Z pin-puller, 


Handle via BYEMAN 
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TABLE 3,12-3 (CONT'D) 


IMP TITLE DESCRIPTION POWER 
5513 SRV 2, Separation +Z 2 Similar to IMP 5500, monitors the firing +5 vde 


pulse output to pyro 2 for the +Z pin-puller, 


5514 SRV 2, Separation -Z 1 Similar to IMP 5500, monitors the firing +5 vde 
pulse output to pyro 1 for the -Z pin-puller. 


5515 SRV 2 Separation -Z 2 Similiar to IMP 5500, monitors the firing +5 vde 
pulse output to pyro 2 for the -Z pin-puller. 


5574 Spinoff Disconnect 1 Two parallel continuity loops through spin- +5 vde 
off disconnect 1 connect the IMP output to 
ground, When the circuit is broken by sep- 


aration of the connector, the IMP output is 
oa connected through a 45K resistor to the +5 
vde instrumentation power supply. The output 
= is digitized by the DTU, resulting in a binary 
signal; 
"on = Connected 
"1" = Disconnected 
5506 SRV 1, Separation Spinoff Similar to IMP 5500, monitors the firing +5 vde 
Disconnect 1 1 pulse output to pyro 1 for spinoff dis- 


connect 1. 


5507 SRV 1, Separation Spinoff Similar to IMP 5500, monitors the firing 45 yie 
Disconnect 1 2 pulse output to pyro 2 for spinoff dis ~ 
connect 2, 
5575 Spinoff Disconnect 2 Similar to IMP 5574, but has only one con- +5 vde 


tinuity loop, which goes through spinoff 
disconnect 2. 


Handle via BYEMAN 
fontrel System Only TOP CRET GC 
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IMP 


5516 


5517 


5568 


5569 


Ceres 


5570 


5571 


5572 


Handle via BYEMAN 
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TITLE 


Spinoff Disconnect 2 1 


Spinoff Disconnect 2 2 


EA Separation 276 degrees, 
+5 vde 


EA Separation 36 degrees, 
+5 vde 


EA Separation 156 degrees, 
+5 vde 


EA Separation 276 degrees, 
+15 vde 


EA Separation 36 degrees, 
+15 vde 
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TABLE 3,12-3 (CONT'D) 


DESCRIPTION 


Similar to IMP 5500, monitors the firing 
pulse output to pyro 1 for spinoff dis- 
connect 2, 


Similar to IMP 5500, monitors the firing 
pulse output to pyro 2 for spinoff dis- 
connect 2, 


Similar to IMP 5564, The spring-loaded 


plunger is attached to the forward edge of 
the FA at approximately 276 degrees, and is 


on the -Z side of the pin-puller. 


Similar to IMP 5564, The plunger is 
attached to the forward edge of the FA at 
approximately 36 degrees, and is on the 
+Z side of the pin-puller. 


Similar to IMP 5564, The plunger is 
attached to the forward edge of the FA at 
approximately 156 degrees, and is on the 
-Y side of the pin-puller. 


Similar to IMP 5564, The plunger is 
attached to the forward edge of the FA at 
approximately 276 degrees, and is on the 
+Z side of the pin-puller. 


Similar to IMP 5564, The plunger is 
attached to the forward edge of the FA at 
approximately 36 degrees, and is on the 
-Z side of the pin-puller. 





@ @- 
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+5 vde 


#5 yde 


+5 vde 


+5 vde 


#5 vde 


#15 vde 


+15 vde 
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IMP TITLE DESCRIPTION BOWER 
5574 EA Separation 156 degrees, Similar to IMP 5564. The plunger is +15 vde 
+15 vde attached to the forward edge of the FA at 


approximately 156 degrees, and is on the 
+¥ side of the pin-puller, 


S518 EA Separation 36 degrees 1 Similar to IMP 5500, monitors the firing +5 vde 
pulse dutput to pyro 1 for the EA pin- 
puller located at 36 degrees. 


5519 EA Separation 36 degrees. 2 Similar to IMP 5500, monitors the firing +5 vide 
pulse output. to pyro 2 for the EBA pin- 
puller located at 36 degrees, 


S520 EA Separation 156 degrees 1 Similar to IMP 5500, monitors the firing +5 vde 
pulse output to pyro 1 for the FA pin- 
puller located at 156 degrees. 


CPe-ZL"e 


o521 EA Separation 156 degrees 2 Similar to IMP 5500, monitors the firing a5 -vde 
pulse output to pyre 2 for the EA pin- 
puller located at 156 degrees, 


poee EA Separation 276 degrees 1 Similar to IMP 5500, monitors the firing +5 vide 
pulse output to pyro 1 for the EA pin- 
puller located at 276 degrees. 


5523 EA Separation 276 degrees Z Similar to IMP 5500, monitors the firing a5 yee 
‘pulse output to pyro 2 for the EA pin-~ 
puller located at 276 degrees. 


5003 Environmental Branch 1,2,4, Latching relays tracking the command input +5/415 vide 
and 5 Parking Brake On/Off relays of the command precessor monitor the 
‘receipt of commands from the satellite con- 
trol section and feed eithér 9,0 volt ox. 
5.0 velts to an integrated circnit D/A 


Handle via BYEMAN pester 
Control System Onl y T ECRET _¢ 
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TABLE 3,12-3 {CONTIDY 
EMP TITLE DESCRIPTION POWER 


5003 (Cont'd) converter, Four relays and one 4-bit D/A 
converter form the IMP, Output occurs. in 
sixteen(16} discrete steps ranging from 0.25 
yolt to 4.75 volts in 0.3-velf increments: 
Bit 1 {LSB} = Env. Branch 1 On/OGFF 
Bit 2 hny,. Brarich 2 On/Off 
Rit 3 S Parking Brake On/Of£ 
Bit 4 (MSB) = Brv, Branch 4 On/Off 


fo ow 


5004 Envirenmental Branch 5,6, Similar to FMP $003: #5/415 vde 
-EPSM 1, EPSM 2 On/Off © . 

Env, Branch 5 On/Ort 

« Env, Branch 6 On/Oft 

EPSM 1 On/O£E 

EPSM 2 On/Off 


Bit J 
Bit 2 
Bit 3 
Bit 4 


(LSB) 


Perzts 


(MSB) 


S577 Environmental Branch 1 Voltage A two~resistor voltage divider circuit con¢ Self 
Moniter nected across branch 1 power feed line in 
the PM and € monitors the voltage level, 
Output is digitized in the DIU td yield a 
binary signal (On/Off). 


Repyit = off 
wit = On 


5582 Environmental Branch 6 Voltage Similar ta IMP 5577, moniters the branch 6 Self 
Monitor power feed in the PM and €, 


5583 EPSM 1 Voltage Moniter Similar ta IMP 5577, monitors the EP5M 1 Self 
power feed in the PM and C. 


Handle via BYEMAN 


oe 
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TABLE 3,12-3 (CONT'D) 





TITLE DESCRIPTION POWER 
EPSM 2 Voltage Monitor Similar to IMP 5577, monitors the EPSM 2 Self 
power feed in the PM and C, 
Environmental Current Branch 1, A 0,019 current-sensing resistor in the 415 vde 
Branch 6, EPSM 1, and EPSM 2 power return line in the PM and C generates 


a voltage proportional to the combined cur- 
rents for branches 1 and 6, and EPSM 1 and 

2. The signal is amplified within the PM and C 
to produce a linear output ranging from 0.2 volt 
(0.0 amps) to 5.0 volts (4.48 amps). 


TOP-SECRET _G 
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12,10 Command Summary 


22.10.1 Splice and Cut Commands 





9 SPLICE AND CUT (P02766, PO01766, P03766) 
5 SPLICE AND CUT (Pe2573, PO1S73, P03573) 


Fonction: (a) Actuatés the Splicer mechanisi (9 or 5) 





{b) Connects the 9 and/or 5 take-tup control 
signais ta SRY 2, 


Interlocks: 9 SPLICE AND CUT enables 9 ROLL-IN TERMINATE 
5 SPLICE AND CUT enables § ROLL-~IN TERMINATE 


Comments: {a} Fidm must be stationary for execution ef these con- 
mands , 


{(b) Tension should be removed from the splice shortly 
after formation ftypicaily within 10 minutes}. 





(c} After execution of the first splice/cut, the loose > 
tall of the film must be rolled into SRV 1 before 
any £ilm is moved in the other camera subsystem. 


12.10.2 Roll-In Terminate Comeands 


9 ROLL-IN TERMINATE (N02652, Noi652, NO3652) 
5 ROLL-IN TERMINATE (NO2752, NO1752, NO37S2) 


Function: Removes the indicated take-up contrel signal from 
take-up 1, . 





Interlocks; 9 ROLL~IN TERMINATE enabled by 9 SPLICE AND CUT 
§ ROLL-IN TERMINATE enabled by 5 SPLICE AND CUT 


Comments: These commands should not. be given until the cut end 
of film has been rolled into SRY 1 after 9 SPLICE 
AND CUT, or 5 SPLICE AND CUT. The lengths ef film 
to be rolled in are approximately 8.5 feet for the. 
9 subsystem aid 11 feet For the 5 subsystem, 








312-46 
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12.10.35 Cut and Seal 1 Command 


CUT AND SEAL 1 (P02572, PO1572, PO3572, MPO0045) 


Function: (a) Actuates - Cutter/Sealer 1 
(b}) Actuates - Cutter/Sealer 3 
(c) Actuates - Cutter/Sealer 4 
(dj) Actuates - TSRT 5 
(e} Actuates - TSRT 9 
Comments: This command is not normally given prior to rolling 


in the 9 film and 5 film left between SRV 1 and the 
splicer mechanisms after the SPLICE AND CUT commands 
are executed. 


12.10.4 SRV 1 Arm Command 


SRV 1 ARM (PO2571, PO1571, PO3571, MPO0051) 

Function: Fires the pyros which activate the recovery batteries 
in SRV 1 and starts the recovery programmer back-up 
timer. 

Interlocks: (a) SRV 1 ARM from the MCS (MP00051) must be enabled 


by MCS TERMINATION ENABLE 1 (SWRTC 1), or MCS 
TERMINATION ENABLE 2 (SWRTC 2). 


(b) SRV 1 ARM enables SRV 1 TRANSFER. 


Comments: Normally given between 120 and 1992 seconds* prior 
to SRV 1 TRANSFER. 


Activation of the recovery batteries powers the 
recovery beacons and the recovery programmer. 


*Timing requirements are controlled by GE RESD. 


3.12-47 Handle via BYEMAN 
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12,10.5 SRV 1 Transfer Command 


SRV 1 TRANSFER  (N02754, NO1754, NO3754, MNOO111) 





Function: (a) Fires the pyros which activate the thermal 
batteries in SRV 1. 


(b) Actuates IFD 1 (delay type pyros). 





Interlocks: (a) SRV 1 TRANSFER is enabled by SRV 1 ARM. 


(b} SRY 1 TRANSFER enables SRV 1 SEPARATE. 


Comments: Command follows SRV 1 ARM by 120 to 1992 seconds*. 
Separation of IFD 1 enables the dual ejections 
programmer in SRV 1. 


12.10.6 SRV 1 Separate Command 


SRV 1 SEPARATE (NO2657, NO1657, NO5657, MNOQO112) 





Function: (a) Activates the pin-pullers releasing SRV 1 
from the PPS/DP EAC. 


(b) Actuates spinoff disconnect 1. 


Interlocks: SRV 1 SEPARATE is enabled by SRV 1 TRANSFER. 
Comments: Command is given 1.8 + 0.2 seconds after SRV 1 
TRANSFER. * 


12.10.7 Spinoff Disconnect 2 (EA Disconnect) Command 





SPINOFF DISCONNECT 2 (P02763, PO1763, P03763, MP00052) 


Function: Actuates spinoff disconnect 2 (EA Disconnect) 





Interlocks: SPINOFF DISCONNECT 2. enables EA SEPARATE. 





*Timing requirements are controlled by GE RESD. 





3.12-48 Handle via BYEMAN 
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12.10.8 EA Separation Command 


aD EA SEPARATE (NO2646, NO1646, NO3646, MNOO0121) 
Funetion: Actuates the pin-pullers releasing the EA from the 
PPS/DP EAC. 
ap Interlocks: EA SEPARATE is enabled by SPINOFF DISCONNECT 2. 
Comments: The EA should not be separated until burnout of the 


retro-rocket on SRV 1. ° It is normally separated on 
the revolution prior to SRV 2 separation. 


12.10.9 Cut and Seal 2 Command 


CUT AND SEAL 2 (P02577, PO1577, P03577, MP00062) 


Function: Actuates cutter/sealer 2 and the aft back-up cutter. 

qh 12.10.10 SRV 2 Arm Command 

ORV 2 ARM (P02764, P01764, P03764, MP00061) 

Function: Fires. the pyros which activate the recovery batteries 
in SRV 2 and starts the recovery programmer back-up 
timer. 

Interlocks: (a) SRV 2 ARM from the MCS (MPO00061) must be 


enabled by MCS TERMINATION ENABLE 2 (SWRTC 2). 





(b) SRV 2 ARM enables SRV 2 TRANSFER 





| Comments : Normally given between 120 and 1992 seconds 
prior to SRV 1 TRANSFER, depending on. recovery battery 
temperature.* 
Activation of the recovery batteries powers the 
q> recovery beacons and the recovery programmer. 
qo *Timing requirements are controlled GE RESD. 


3.12-49 Handle via BYEMAN 
TOP RET G Control System Only 
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12.10.11 SRV 2 Transfer Command 


SRV 2 TRANSFER  (NO2757, NOL?S7, NO3757, MNOO114) 





Function: (a) Fires the pyros which activate the thermal 
batteries in SHV 2. 


(bh) Actuates IFD 2 fdelay type pyres). 





Interlocks: (2) SRV 2 TRANSPER is enabled by SRV 2 ARM, 
(b} SRV 2 TRANSFER énables SRY 2 SEPARATE. 
Comments < Command follows BRV i ARM by 120 to 1992 seconds.* 
Separation ef IFD enables the dual ejection 


programmer in SRV 2, 


12.10.12 SRY 2 Separate Command 





SRV 2 SEPARATE (N12000, NILQO0, NISO000, MN0O117) 


Funerion: Actuates the pin-puliers releasing SRV 2 from the 
PPS/BP EAC. 


Interkocks: SRV 2 SEPARATE ‘is enabled by SKV 2 TRANSFER. 
Comments: Command is given 1.8 + 0.2 seeonds after SRY 2 


TRANSFER ; * 


12.10.13 MCS Termination Enable 1 Command 





MCS ‘TERMINATION ENABLE 1 (SWRTC 1) 


Fumetion: ‘This command enables the SRY 1 ARM command from the 
winimal conmaid subsystem, 








*Timing ‘requirements are controlled by GE RESD. 


Mandie via BYEMAN 
EY & contra: System daly 
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Interlocks: This command is necessary before MCS SRV 1 ARM 
will be executed by the IEU, 


12.10.14 MCS Termination Enable 2 Command 


MCS TERMINATION ENABLE 2 (SWRTC 2) 


Funetion: This command enables the SRV 1 ARM and SRV 2 ARM 
commands from the minimal command subsystem. 

Interlocks: This command is necessary before MCS SRV 2 ARM 
will be executed by the TEU, 

Comnents: Provides a redundant means of enabling MCS SRV 1 
ARM, 


12.10.15 Heater Power On Command 


HEATER POWER ON (NO2661, NO1661, NO3661) 

Function: Provides power to all heater branches , including 
EPSM 1 and EPSM 2, and provides power to the 5 
parking brake circuitry, 

Interlocks: 5 OP ON (operational power) disables the 5 parking 
brake. The circuitry will not be enabled until 
both 5 OP and 5 parking brake power are OFF, 

12.10.16 Heater Branch Off Commands (Branches 1 and 6 Only) 

HEATER BRANCH 1 OFF (NO2755, NO1755, NO3755) 

HEATER BRANCH 6 OFF (N02742, NO1742, NO3742) 


Function: Removes power from the indicated heater branch. 


12,10,17 EPSM On Commands 
EPSM 1 ON (NO2747, NO1747, NOQ3747) 
EPSM 2 ON (NO2655, NO1655, N0Q3655) 


Function: Provides power te the indicated heater branch. 


3,12-51 
Handle via BYEMAN 


TO RET G Control System Only 
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Normally given four revolutions prior to recovery 
of the associated SRV, depending on the SRV tem- 
perature. 


12.10.18 EPSM Off Commands 


12.10.19 


EPSM 1 OFF 
EPSM 2 OFF 


Function: 


(NO2644, NO1644, NO3644) 
3 
(NO274S, NO1745, NO3745) 


Removes power from the indicated heater branch, 


M6V WORD Command 


(M6V002YZ) 


Funetion: 


Interlocks: 


Controls the environmental heater branches and 5 
parking brake. This command also controls the DTU 
states, The pressure transducer and the +5-and 
+15-volt instrumentation power supplies are switched 
by the DTU commands. 


Bit Function 

Implicit Spare 

33-1 DTU 1 ON 

33-0 DTU 1 OFF 

34-1 DTU 2 ON 

34-0 DTU 2 OFF 

35-1 Heater branches 1,2,4,5 and 6, and 
5 parking brake ON 

35-0 Heater branches 1,2,4,5 and 6, and 5 
parking brake OFF 

36-1 EPSM 1 ON 

36-0 EPSM 1 OFF 

37-1 EPSM 2 ON 

37-0 EPSM 2 OFF 

38~1 Spare 

38-0 Spare 


DTU 1 and 2 are logically interlocked in the PM and C 

to preclude simultaneous operation. Commanding DTU 1 

ON while DTU 2 is already operating will remove power 
from both sides of the DTU, One side must be in the OFP 
state to permit the other to receive power. 


ee Handle via BYEMAN 
TOP 2 ET G Control System Only 
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5 OP ON disables the 5 parking brake. The cir- 
cuitry will not be enabled until both 5 OP and 
5 parking brake power are OFF. 


3.12-53 


Handle vie BYEMAN 
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13.0 S1-PRG SENSOR EXPERIMENT 


The S1-PRG (platen reference gage) sensor system is an assembly of prime- 
like* mechanical and electrical components intended to furnish auxiliary 
information on parameters directly related to PPS/DP EAC focus stability. 


The parameters monitored are: 


(1) The mechanical analog of a segment of the Sy distance 


(primary mirror to aft end of RCFLA} (S1 sensor) 


(2) The mechanical equivalent of the back vertex focal 
distance (S¢) at the +Y and -Y ends of the 9 platen 
(PRG sensors (2)). 


In operation the S1-PRG system serves as both an experimental sensor and as 
in-factory support equipment. During PPS/DP EAC assembly and testing at the 
factory, the S1-PRG system can be used for the following: 


(1) Camera mounting verification (PRG sensors only} 
(2) Broomstick test measurement (SI sensor only) 


(3) Monitoring of in-factory stability (S1 and PRG sensors). 








On-orbit, the system is employed to examine changes or rates of changes in the 
measured distances with time and also during special events. The most signi- 


ficant results this experiment should provide are, in order of importance: 


(1) Through-launch shift of monitored distances 


*Being experimental, the sensor system hardware is not obligated to meet all 
the requirements of prime hardware. However, prime-like components are 
used to the greatest extent possible. 


3.13-1 Handle via BYEMAN 
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(2) Barly drift of monitored distances 


(3) Long-term drift. of manitored distances. 





“43.1 Measured Parameters 


The S1-PRG system makes three direct, noncontact measurements of distances 


oy 


within the PPS/DP EAC. The Si sensor measures the distance between the -Z 





gide, aft end, of the Ross corrector and field leis assembly (RCFLA) housing 
and the +Y, -Y mean (average) position of the A-frame attachment points on the 
inside surface of the camera optics assembly (COA). 


The two PRG sensors measure the distance From the +¥ and ~-¥ walls of the 
forward (~X) end of the RCFLA to the 9 platen pivot frame which can be re- 
lated to the optical S,_* distance {(-X end of ‘the RCFLA to the image plane). 


Measurements are made to points approximately #6.25 inches from the PPS/DP 





EAC optical centexvline. Since two measurements are made, both tilt and 


displacement can be sensed. 


13,2 Sensor System Function 


The system operates under control of the command precessor. Nominal 24.4- 
yolt and tiS-volt power supplied by the power monitor and control unit 
{PM and ©) are conditioned internally. The electrical furiction. of the Sy= 


stem can be in any one of three modes selectable by command: 





1} are 
{2} Read 


{3} Calibrate (“health check") 





*For optical distance figu 
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Signals collected by the sensors are conditioned for the telemetry system 
in the sensor encoder and processing electronics module (SEPE) located 
within the COA. The health check function provides, via a motor driven 
mechanism, a target which lies a fixed distance from each sensor to estab- 


lish a reference baseline. 
13.2.1 Method of Sensing 


Measurements are made using noncontacting inductive proximity detectors. 
The sensor itself is the coil in the "tank" circuit of a transistor Col- 
pitts oscillator which operates at approximately 2 MHz. The object sensed 
must be a conductor; in this case, Invar metal. Proximity of the conduct- 
ive target to the sensor coil loads the tank circuit and hence changes the 
oscillator's tank voltage. A linearizing stage converts the tank voltage 
change to an output which is linear within 1 percent over the operating 


range of the detector. 


The proximity detectors and their associated modulator/demodulator electronics 
units containing the oscillator circuits are physically separate items. The 
modulator/demodulator units are mounted on the -X side of the COA bulkhead 
just above the RCFLA (reference Part 3, Section 1, Figure 3.1-29). The 
detectors are mounted at the sensor locations and connect to the modula- 


tor/demodulator units through coaxial cabling. 
13.2.2 Targets 


The targets function as entirely passive entities. The mechanical design 
characteristics for all three sensor targets are similar and are discussed 
in Section 13.5. Target response to thermal disturbance is minimized by 


design and by material selection. 
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13.3 S1 Sensor Mechanical Configuration 





The Sl sensor consists of two major mechanical assemblies, the Sl gage assem- 
bly which holds the sensor and health check mechanism, and the rod and truss 


assembly which furnishes the target (see Figure 3.13-1). 
13.3.1 Rod and Truss. Assembly 


The Sl rod and truss assembly (Figure 3.13-2) supplies the dimensional 
coupling between the interior walls of the COA and the aft end of the RCFLA. 
A stiffened diamond truss fabricated from cold drawn Invar tubing is used. 
The truss spans the internal structure parallel to the Y-axis at the A- 
frames and provides, at its center, one point of support for an Invar rod 
which reaches from the truss to the Sl] gage assembly mounted on the RCFLA. 
The rod is approximately 24 inches long and lies parallel to the X-axis. 
The rod's forward end contains the Sl gage target. 


13.3.2 Sl Gage Assembly 


The Sl gage assembly is a mechanical frame which provides support for the 
active portion of the inductive proximity detector and for the health check 
components. A more detailed description of the gage assembly design, which 
is common to the PRG gage assemblies, is given in Section 13.4.1 following. 
The Sl gage assembly has attached to it a nylon bushing for support of the 
forward end of the Sl rod in the Y and Z directions. Mounting to the RCFLA 


is made using an adapter to provide proper spacing and orientation. 
13.3.3 Rod, Truss, and Gage Interface 


The Sl rod and truss assembly design effectively decouples the truss from 


mounting point inputs (torsion, compression, tension, and bending forces), 
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Figure 3.13-1. $1 Sensor Assembly 
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Figure 3.13-2. $1 Rod and Truss Assembly 
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and also decouples the rod from both the truss and the S1 gage. Decoupling 
is accomplished by spherical bearing-flexure mounting of the truss and 
flexure-bushing retention of the rod. There is no X axis coupling of the 


rod (target) and gage assembly. 
13.3.4 S1 Sensor Nominal Separations 


Nominal physical sensor face to S1 target face separation in a 1G environ- 
ment is 0.090 inch for a load-compensated vehicle in an X axis horizontal 
attitude. For a vertical attitude, as at the launch pad, nominal separa- 
tion is 0.082 inch. The decrease is due to loading induced deflection of 
the RCFLA and assumes camera weight present. Nominal separation on-orbit 


is 0.090 inch independent of vehicle attitude. 


13.4 PRG Sensor Mechanical Configurations 





The two PRG sensor assemblies are mounted within the forward (-X) end 
cavity of the RCFLA at the +Y and -Y extremes of the RCFLA housing. The 
sensors are entirely within the space envelope of the RCFLA, Electrical 
signal and power lines are carried into the RCFLA through hermetically seal- 
ed connectors located at points immediately adjacent to each sensor in the 


+Z direction. The two sensing locations are as follows: 


PRG-1 Y= 6.47 in 
Z= 0.0 in. Coordinates are 
referenced to the 
PRG- 2 Y = -6.25 in, optical axis 


Z= -0.5 in. 
13.4.1 Sensor Geometry 


Identical sensor assemblies are used for both PRG sensors and the 51 sensor. 
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The sensor st¥ucture is a monolithic, nearly cubic Envar support frame with- 


dn-which (or upon which) are ‘mounted; 





(i) The inductive sensor 
{2} A de gearhead motor 


{3} A health check slide and retaining components 





(4) The health check slide drive lever and cams 


(33 Microswitches to control motor status 


The sensor attaches to the RCFLA at three points using short pedestal stand- 


‘offs which are integral to the support frate. 


Visual appearance and scale of the assenibly are shown in Figure 3.{5-5. Both 


internal components and the exterior configuration are illustrated. 





13.4.2 PRG Sensor Mounting 


Figure 3.13-4 illustrates the PRG sensor mounting locations (and the $1 
sensor location) as well. as the modulator/demodulator units and the sensor 
‘encoder and processing unit. The internal mounting of the PRG sensors with 
respect. to the ROFLA wall is shown in greater detail by Figure 3.13-5. Sen- 
sors are held by screws, with an epoxy material applied to the screws to 
‘efféct both Yocking and hermetic Sedlimg. A total 6f fivé support points 


‘are involved, three as shown in Figure 3.15-4 and two applied as additional 





suppert for the de motor which would otherwise be cantilevered. 


13.5 Sensor Targets 





‘PRG targets are carried by thé 9 pivot frané assembly of the dudl platen 
camera, The targets are Invar reds which terminate in 0.6-inch diameter 


invar discs (see Figure 3.13-6). Dise faces are set perpendicular to the 
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Figure 3.13-3, Typical Sensor Assembly 


3.15-9 Handle via BYEMAN 
TOP SECRET CG Control System Only 





Approved for Release: 2017/02/14 C05097360 





Approved for Release: 2017/02/14 C05097360 


T ECRET 2 gi F-00g- W-C-019842-RI-80 


Sensor Encoder and 
Processing Unit 


















COA 
Heater 
Controller ~N Forward Bulkhead 


Panel soe 


Modulator/Demodulator 
Units 


tat 
a 
ps RCFLA Wall 
6 Feedthrough 
Connectors ae 
$1 Sensor 
PRG 1 Sensor (+Y) 
PRG 2 Sensor (-Y) 
+Z 
+¥ +X 


BIF-008 Vehicle 
Coordinates 
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Figure 3.13-5. Typical PRG Sensor Mounting 
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Figure 3,15-6, PRG YFarget 


sensor axes at. the riowinal position. Motion of the targets follows an arc 
the dise faces do not remain perpendicular to the sensor axes. Since the 


two tar@ets are mounted at unequal distances from the pivot point, the 





amount .of tilt varies from one to the other and yields a different re- 


‘sponse (output versus separation) fer cach sensor. 
The Si target which is welded to the $1 red is a polished Imvar dise, simi- 
‘lar to the PRG discs. Uniike the PRG targets, the $1 target surface remains 


perpendicular to the sensor axis as the separation changes. 


3.6 Health Check (Calibration) Slide 





Each gage assembly is equipped with a movable Invar target which can be 
‘placed a fixed and repeatable distance from the sensor to establish a re- 
ference measurement. The slide is driven by a gear-reduced permanent~ 


Magnet dc motor using a special cam and gear arrangement as shown pre- 





viously in Figure 3.15-3. Leaf springs hold the slide in contact with the 


‘surface on which it moves. 


The slide drive train fimetions in the following ‘manner. 
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The lever-pin arm attaches to the motor through a bevel gear set. As the 
arm rotates, the pin on the arm rides in a cam-slot on the slide moving the 
slide in or out of the sensor field. Motion is stopped at the commanded 
position (calibrate or operate) by cams on the motor output shaft which 
actuate microswitches to interrupt power. Movement from one position to 
the opposite requires 180 degrees of lever-pin arm and motor shaft rota- 


tion (the drive ratio through the bevel gears is 1:1). 
To prevent hysteresis, the cam slot on the slide is arranged to give two 


dwell zones, one for the operate and one for the calibrate positions. The 


motor input, slide output motion relationship is indicated in Figure 3.13-7. 


Paine 30° 


CAL 


Slide 
Position 


USE 


0 90 180 270 360 
Motor Shaft Angle, Degrees 


Figure 3.,13-7. Slide Input-Output Position Relation 
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13.7 S1-PRG Sensor System Electronics 


Signal generation for the three sensor assemblies occurs at the three probe 





modulator/demodulator electronics units. The output signals correspond to 
target position with a calibration constant of 94 volts/inch over the 0.1] 


inch sensing range. Output voltage range is 0-10 volts nominal. 





To accommodate the 0-5 volt operating range of the telemetry system and ‘to 
obtain adequate system resolution with prevailing telemetry granularity, 
the sensor signals are "dc offset" and amplified. These functions, as well 


as power conditioning, occur within the SEPE unit, 


13.7.1 Sensor Encoder and Processing Electronics (SEPE) Unit 


The SEPE unit furnishes input power conditioning, output signal conditioning, 


motor control switching functions and command activated dc level offset. The 





isolation diodes used to prevent switch cross talk in the motor contro] lines 
are mounted to a circuit board attached to the COA bulkhead. 


Figure 3.13-8 is an electrical block diagram of the entire S1-PRG system show- 
ing the interconnection of the various functions. Also shown are the appropri- 
ate PM and C and CP functions. 


13.7.1.1 Power Conditioning. Nominal 24.5 volt input power is supplied through 


a soft-switch in the PM and C. A precision integrated circuit voltage re- 





gulator reduces this te provide a stable 12.5 vde (nominal) for the sensor 
electronics. A +5 vde output is also provided for the slide motor control 


circuitry and is switched by commandable relays in the command processor (CP). 





13.7.1.2 Output Signal Conditioning. Precision instrumentation amplifiers 
operating at an overall gain of approximately 3.1 amplify the sensor output 


signal to improve signal resolution through the DTU. At the same time, these 
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amplifiers operate in conjunction with the level shifting circuit to provide 


a de offset for the sensor signal as described in the following section, 


13.7.1.3 Level Shifting (de offset). A voltage divider network is employed 
in the normal operate mode to reduce the sensor output de level. To accom- 
plish this, the network feeds a portion of the 12.5 vde regulated output 

to the inverting inputs of the instrumentation amplifiers where it is sub- 
tracted from the sensor output. At the nominal target-sensor separation 
distance (corresponding to zero platen position for the PRG sensors), the 
output of the sensors is 6.55 volts. After level shifting and amplifica- 
tion, the instrumentation amplifier output is 2.50 volts. At an amplifier 
gain of 3,1, the full system range is approximately 14.7 x 107? inches or 


+7.35 x 107° inches around the nominal point. 
Level shifting is inhibited for health check (calibrate) mode operation. 


Establishment of the nominal output voltages is performed during buildup 
of the camera optics assembly. For the calibrate mode, when the health 
check slide is in front of the proximity detector, voltage levels are set 
by moving the detector closer to or further from the slide. In the operate 
mode, PRG sensor voltage levels are adjusted by shifting the sensor assem- 
blies with respect to the platen targets. The S1 sensor output voltage is 


changed by moving the $1 target. 


13.7.1.4 Direct (Hardline) Test Outputs. Direct outputs of the sensor 
signals are provided for test purposes. The outputs are isolated by 10 Ki 


resistors and are routed to the junction box test connector (J217). 


13.7.1.5 Motor Control. Motor control sensing is provided by two micro- 
switches in the gage assembly. The switches are normally closed, and are 
tripped open individually by cams on the motor shaft, one corresponding to 
the retracted position and the other the advanced position of the health 


check slide. 
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A commandable relay connects +5-volt motor control power from the SEPE unit 
to ohe of the two switches depending on the commanded stare. When the motor 


teaches that state, a cam opens the powered switch, removing contre] power, 





and the motor is stopped. Upon commanding the oppesite state, power is 
transferred to the second microswitth, whith is closed, and the motor is 
again set in notion. AS the moter turns, the open switch closes. However, 


protective diodes in the line prevent current from being coupled back 





through this switch. When the new commanded state is reached, the switch 
receiving control power is opened so the motion is halted. Total timé to 


drive the slide from one position ta the other is approximately 32 seconds. 


Once Motion has begui, commanding the opposité state before both micro- 
switches ‘are closed will halt the drive. Motion can be resumed by re-~ 
‘peating the original command. If an opposite command is given after hoth 
Switches aré closed, the systém will satisfy the original command and 


continue driving to sarisfy the second command, 





Actual drive. power for the motors is derived from the 24.5-volt unregulated 

supply. Motor control power from the microswitches activates optical isela- 
tor couplers which conttel a transistor switch. This awitch provides 24.5- 

volt power to the motor through a filter network which controls voltage rise 
time, 


13.8 System Operation 








Operation of the S1i-PRG system involves in-factory, launch pad, and on-orbit 
use. AS a part of in-factory tise, baselines for orbital operation are estab- 


lished. 





13.8.1 Factory Use 


For in-factory testing, System output is available in two forms: the encoded 


output which is conditioned to BTU input requirements (0-5 vde range) and 
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direct sensor hardline output (0-10 vde range). 


13.8.1.1 Sensor Calibration. Sensor system calibration occurs in two parts. 
The basic sensors are calibrated as matched sensor head and modulator-de- 
modulator electronics pairs at the part level. The instrumentation amplifier 
channels. are calibrated at the SEPE assembly level. If G(V) is measured SEPE 
channel gain characteristic, V(X) is the sensor calibration, X is relative 
distance and v. is the offset voltage, then the encoded signal transfer 


characteristic calibration V(X) is given by: 
V(X) = G [veo : v] 


13.8.1,2 Baseline Data. The sensor output baseline is established simul- 
taneously with the optical measurement of position of best focus. Readings 
from the three sensors, obtained during COA load-compensated optical testing, 
are recorded and corrected to optical best focus. These three data points 


form the 'O' G baseline (on-orbit use). 
13.8.2 Pre-Launch Use 


Pre-launch operation of the system is accomplished with the PPS/DP EAC in the 
vertical attitude (-X up) and readings can be compared to factory vertical 


baselines. The following encoded signal outputs apply: 


Sl- - out-of-band but still 
directly related to 
factory reading* 


PRG - in-band but displaced 
from horizontal baseline 
values 


*S1 out-of-band condition results from RCFLA deflection due to self and camera 
load. This should be consistent from factory-to-pad with the exception of 
any long-term sensor drift. 
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“43.8.3 On-Orbit Use 


During launch and orbit injection, S1-PRG power is turned on four seconds 
‘after EGS clock Start, Which occurs at SECO. S1-PRG power remains on for 





384.8 seconds, providing 204.8 seconds of usable data, 


On-orbit, the 51-PRG power is turned on and Gf£f in conjunction with the 
FOCUS ELECTRONICS POWER (FEP) ON/OFF command. Power can be xemoved from 
the S1-PRG system while leaving focus power on by execution of S1-PRG 





DISABLE. The disablé applies only once and is overridden by the next 
FOCUS ELECTRONICS. POWER ON commarid. 


The SI-PRG calibrate mode requires S1-PRG power to be on. Execution sof 
S1-PRG CALIBRATE then places the health check Slide in the calibrate 
position. Calibration ends in conjunction with the focus sensor calibrate 


off signal and the slide is withdrawn from the sensor path. 





‘Planned usage on-orbit is variable from :-flight-to-flight and even within 4 
is provided here, However, it is expected that the sensor system will be 
‘operated as soon as practical after launch to monitor any through~-launch 
shift, and then operated whenever the focus sensor system is on. Calibra- 
tions wili.most likely be performed several times early in the mission to 
identify any short-term drift in the separation parameters. The system can 
then be calibrated as desired during the remainder of the-mission to track - 


long+term drift characteristics. 





A pring consideration during any usage is the necessity for a signifitant 
warm-up period to stabilize output readings. Operational experience has 
show that a 180-second warm-up time is requived for every normal read use. 








5. 13-20 
Handle via RYEMAN 


TOP SECKET g Cintra) Sy ster:drily 


Approved for Release: 2017/02/14 C05097360 


Approved for Release: 2017/02/14 C05097360 


TOPebPCRET 


BIf-008~ W-C-O19642-RI-80 


Fifteen minutes (900 seconds} warm-up minimum will be used prior to each 


SI-PRG calibration cycle. 





13,9 S1-PRG Instrumentation Sumbar 


a> A summary of the S1-PRG sensor system instrumentation outputs is presented 
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POWER 
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5381 81 Output An inductive proximity detector mounted on £15 vde 
the lower (-2) portion of the RCFLA housing 
Ihonitors separation between the detector 
and an Invar target au the G1 rod. The red 
extends from near the detector to a truss 
assembly connected to the A-frame support 
points of the COA. 


The distance measured by the Sl sensor is 

a segment of the optical S1 distance, that is, 
the distance from the +X stirface of the first 
RCFLA lens element ta the front surface of the 
primary mixror. Output of the sensor is pro- 
cessed by the sensor encoder and processing 
module to conform to the 0-5 volt telemetry 
vange and is linear from -7.42 x 10-3 inches (0.0 
volts) to +7.42 x to-8 inches (5.0 volts). 
Distances quoted are measured with respect to 
the nominal position. Positive changes in- 
dicate target motion in the +X direction 
(separation increases). The telemetry out- 
‘put at nominal is 2.50 volts. 


ZZ~-ET ES 


For the calibration or "health check". mode 
in which a slide target is positioned a 
fixed distance from the sensor, the outpat 
is nominally 1.80 volts. Changes from this 
are linear and follow the same separation 
versus volts output slope as produced in 


the normal operational mode. 
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TABLE 3.13-1 (CONT'D) 


DESCRIPTION 


Similar to IMP 5361, the detector is 
attached internal to the RCFLA housing 
near the dual platen camera at coordinates 
Y = 6.47; Z = 0.00.* The target for the 
sensor is attached to the 9 pivot frame 


and the sensor is used to determine changes 


in the optical Sg distance (from the -X 
surface of the last Ross lens element 
to the image plane for an infinity target). 


Output of the sensor is processed in the 
sensor encoder and processing unit and is 
linear from -6.77 x 1073 inches (0.0 
volts) to +6.77 x 10-3 inches (5.0 volts). 
Nominal output level is 2.50 volts. A 
positive change indicates target motion in 
the ~-X direction (separation increases). 
The calibrate mode nominal output is 1.80 
volts with a response curve slope which 
matches that of the normal mode. 


Similar to 5362, the sensor is located at 
Y = -6.25; X = -0.5%* The nominal output 
level (zero separation change) is 2.50 
volts in the normal mode and 1.80 volts in 
the calibrate mode. The response curve is 
linear and for the normal mode ranges from 
-7.42 x 1075 inches (0.0 volts) to 

+7.42 x 1073 inches (5.0 volts). 

The slope of the calibrate response curve 
is identical to the normal curve. 


*Coordinates referenced to optical axis. 
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TABLE 3.13-1 (CONT'D) 


IMP TITLE DESCRIPTION 


“POWER. 





5007 § Focus Drive Enable/Inhibit, Latelting relays tracking the command input 45/445 vide 
§ Minus /Stop, 5 Plus/Stop, relays of the command precessor monitor the 
S1-PRG Cal On/Off receipt of commands from the satellite .con- 
trol section and Feed either 0.0v- ox 5,0v 
to an integrated circuit B/A converter. 
Four relays and one 4-bit B/A converter 
form the IMP. Output occurs in sixteen 
discrete steps ranging from 0.25v to 4, 75v 
in O.3v increments, 


Bit 1 (US8)* 
Bit 2 
Bit 3. 
Bit 4 


§ Focus Brive Enable/Tahibit 
5 Minus/Stop 

5 Plus/Stop 

(MSE) **= S1-PRG Cal On/Off 


# oR 8 


pErst's. 


5024 9 Focus Drive Enable/Inhibit, Similar te IMP 5007: +5/415 vide 


Pie Ss pea Perera tla, Bit 1 (LSB) * 9 Fecus Drive Enable/Inhibut 
ial Sree penne Bit 2 = 9 Minus/Step 

Bit 3 = 9 Plus/Stop 

Bit 4 (MSB) = S$1-PRG Disable/Enable 


‘S615 S1-PRG Power Monitor A two-resistor voltage divider network across Self 
the S1-PRG power feed in the PM and € monitors 
the voltage output level. The output ts con~ 
verted. in the digital telemetry unit to yield 


steytl 


arg St 


Y OFF 
. On 


ft 


“SESB - Least Significant Bit 
‘WAMSB - Most Significant Bit 
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13.10 S1-PRG Sensor System Command Summary 
© 13.10.1 $S1-PRG Command 


(4V0252bZ, 4V0152bZ, 4V0352bZ, bits 35, 37, and 38) 








Function: This command controls the S1-PRG operate and 
calibrate modes and the focus sensor, It is 
also the normal means of operating the viewport 
doors. The bit functions are: 
Bit No, Function 
Implicit Spare 
35-1 FEP ON, S1-PRG Enable, 
S1-PRG Power ON 
35-0 FEP OFF, S1-PRG Power OFF 
36-1 DOOR OPEN 
36-0 DOOR CLOSE 
37-1 
37-0 ; . 
@ 38-1 Focus Calibrate Modes 
38-0) 
Sequence Mode Bit 37 Bit 38 
A Focus Cal OFF, S1-PRG 0 0 
Cal OFF 
B Focus Cal ON, High Fre- 1 0 
quency, Low Amplitude 
C Focus Cal ON, High Fre- 1 1 
quency, High Amplitude 
é> D Focus Cal ON, Low Fre- 0 1 
quency, High Amplitude 
Interlocks: 
S1-PRG sensor system power is turned off independently 
by the S1-PRG DISABLE command. S1-PRG disable is uti- 


lized if S1-PRG power off is desired while FEP is on. 


3.13-25 Handle via BYEMAN 


TOP-SECRET G Contre) System Only 


Approved for Release: 2017/02/14 C05097360 








Approved for Release: 2017/02/14 C05097360 


TOP-SECRET ue 


BIF-008- _W-C-019842-RI-80 





13.10.2 S1-PRG CAL Command 


132.10..5 


(NO2645, NO1645, NO3645) 


Function: 


Interlocks: 


Comments : 


This command activates the S1-PRG calibrate 
function. The calibrate function involves 
physical movement of the calibrate slides. 


(1) The S1-PRG calibrate function should only 
be commanded when FEP is on. 


(2) Execution of Focus Cal OFF turns off S1-PRG 
Cal (S1-PRG CAL OFF). 


(1) This command is the only means of providing 
the S1-PRG calibrate signals. 


(2) The S1-PRG Cal on and off functions require 
a minimum of 32 seconds to complete movement 
of the calibration targets. The S1-PRG sen- 
sor system must remain on for at least 32 
seconds following S1-PRG CAL OFF. 


S1-PRG DISABLE Command 


(NO2744, NO1744, NO3744) 


Functions: 


Interlocks: 


Comments: 


This command removes power from the S1-PRG sen- 
sor system. It is furnished as a means of re- 
moving S1-PRG power while leaving FEP on. 


This command is reset by commanding FEP ON. 


The S1-PRG Cal on and off functions require a 
minimum of 32 seconds to complete movement of 
the calibration targets. The S1-PRG sensor 
system must remain on for at least 32 seconds 
following S1-PRG CAL OFF. 
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PART 4 ~ DESIGN, MANUFACTURE, TEST AND FIELD SUPPORT 


1.¢ DESIGN 


The design of the Photographic Payload Section/Dual Platen Extended Altitude 
Capability (PPS/DP EAC) represents the latest Step in an evolutionary process 
which began with the design of Flight Model (FM) 1. Yhis vehicle, the first of 
the Gambit series, was Launched on a seven-day reconnaissance mission in 1967. 
‘Hardware improvements since then have resulted in improved ground resolution, 


extended orbit lifetime, and greater film load. 


The changes effective on FM'S 48 through 54 were directed toward ah increase in 

& the capability to respond to a wide range of target characteristics and 
requirements. This impreved flexibility is the result ef the inclusion of the 
dual platen camera which, with appropriate film loads, provides 4 choice of filin 
types for each target. The added requirements arising fromthe need for extended 
altitude capability necessitated further changes whiich are effective on FM's 52 
through 54. These changes responded to the EAC requirements of lower film drive 


speed fesulting from longer slant ranges. 


Other improvements in the arcas of power, hardware redundancy, pyrotechnic event 
a commanding and pointing accuracies have increased the probable information return 
‘for the required 45-day mission. These itiprovements have also contributed to the 


decision by the Air Force to plan iiissiohs of up to 60-day duration. 


“> 1 


A basic gromd rule established for FM's 48 through 54 wag that design changes 


were to be limited to those required to implement the dual platen camera -and 


Design Baseline. [Non-EAC} 
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such other changes as directed by the Air Force. These directed changes are 


summarized in the following paragraphs. 





4.1.1 Frequency Phase Lock Loop (FPPLL) Drive 


This drive system improves film utilization ‘by providing rapid start-up anid 


Shut-down, thereby reducing film usage at the beginning and end of a frame. 





€see Part 3, Section 2.) 
1.1.2 Variable Width Slit 


The sixteen discrete positions (a minimum of $2 is required by contract} pro~- 
vide the capability to praperly expose a broader range of film types under 
all expected conditions of target illumimation. The design chosen (see 


Part 3, Section 2) eliminates the slit-closed failure mode. 





1.1.3 mproved Focus Detection System 


This improvement is designed to increase signal-to-noise ratio, reducing data 
Variability. Purthermore, the improved signal-to-noise ratio, an increased 
sample rate, and data processing with the dynamic filter software (see Part 3, 


Section 9) are expected to increase the number of usable focus estimates. 


1.1.4 Replacement of Separation Controller and Switchover Electronics with 


Initiator Electronics Unit (TEU) 





The functions of the separation contreller and switchover electronics are per- 
formed by a new unit, the initiator electronics unit (1EU}. Improvements are 


realized through separate commanding of SRV‘s, direct commanding of pyro- 





technic devices, additional instrumentation fer indicating command receipt 


and function execution, and redundancy of critical events. 
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1.1.5 Redesigned Command Processor 


‘The added reliability of redundant command sourées in the SCS is extended further 


by continuing the redundancy through the PPS/DP EAC command processor. 


25m Extended Altitude Capability EAC Baseline 





Certain design changes were necessitated by the Extended Altitude Capability 
requirements. These design changes are summarized in the following paragraphs 
and are treated extensively in the appropriate subsections elsewhere in these 


volumes. 
1223 Frequency Phase Lock Loop (FPLL} Drive 


The available film drive speed range has been expanded to accommodate the lower 
& speeds required for operation at altitudes up to 470 nei. The ‘surveillance’ 

or low-mode yrange is from 3.37 in,/sec to 23.6 in./sec, while the “search" or 

high-mode range is from 6.8425 in./sec to 23.6 in./sec, The approach chosen (See 

Part 3, Section 2.5.3} utilizes a cotmandable high/low “switch’. Redundant means 


are provided for switching into and out of the high altitude range. 

1.2.2 Focus Detection System 

The wide range of slant ranges which must be accomadated by the EAC PPS. necessi-~ 
“3 tates changes in the reticle and electrical Fliter characteristics. (See Pare 3, 

Section 6,0) 

123 Dual Platen Camera 

Required chahges in the. dual platen camera include changes to the FPLL encoder, 


the addition of a second smear slit in the Primary Recording System (PRS) and 
the addition of a smear slit to the Secondary Recording System (SRS). 
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‘The enceder change involves incorporation of a higher number of segments. (See 


Part 3, Section 2.) 





The second smear slit in the Primary Recording System (PRS) is designed to 
ensure an adequate number of smear samples at higher altitudes for a dual-mode 


{Surveillance and Search} mission. (See Part 1, Section 4.5.) 





1.2.4 Command Processor 


Changes have heen made to incorporate the added commands required to shift from 
the cdnventional ta the éxtended range, Included dre command outputs to the: 
Camera {DISABLE the SRC céreuit), Focus Detection Subsystem (change amplifier 


and filter characteristics), and FPLLE (charige encoder segment responses). 


Additionally, a further change, not necessitated by EAC, but requested by the 
Air Force is the CAMERA AUTOMATIC QFF (CAO) feature. The CAO is designed to pro- 
vide gvedundancy to CAMERA OFF fumetions when one half of the ECS has been 





disabled. Intentionally disabling half of the ECS is under consideration as a 


power-saving technique. 
1.3 Non-Baseline Itenis 
“As the design progressed, it became apparent that additional, relatively minor 


changes would have to be made. These changes included those necessitated by 


‘parts obselescence and those incorporated to increase reliability through added 





redundancy. Changes and improvements have alsé heen incorporated in test. 


equipment . 
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& 2.0 RELIABILITY 


High reliability has been @ major objective throughout the existence of 
the Gawbit program. (The overall BIF-008 Gambit Reliability Program is 

@ configured to meet the intent of the guidelines established by MIL-STD-755A, 
Reliability Program for Systeiis arid Equipment Development. and Production). 
The program evolution from 7-day missions to 2. 90-day mission (Flight 50) 
has required intensive reliability efforts te assure hardware compatible 
with the associated increases in mission requirements. Maximized on- 
orbit reliability ‘has been achieved through a meticulous design effort, 
an extensive qualification program, and thorough testing at multiple 


assembly levels. 


ea Designing reliability into the 9 x 5 hardware has been a major goal since 
the earliest conceptual phases. Techniques and philosophies for maximizing 
reliability were ¢stabi ished by determination of: The types of redutidaiey; 
the degree of redundancy; the assembly level at which redundancy should. be 


implemented; and, in many cases, how to best use existing hardware where 


redesign was not practical or not permitted. 





G One of the basic factors in the development. of high reliability hardware is 
a design compatible with this goal. This is best accemplished by implement- 

ing formal design reviews which examine and critique the design in detail 

for all facets of reliability during the development. phase of the hardware 


2 design. The review itetis include bat are not ‘Limited to: 


{a} Design simplicity 
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(b) Standardized parts/components/materials of certified high 
ve liability 


{c] Design compatible with performaiice requirements 





(d) ‘Interface compatibility {piece part, component and subsystem) 


(e) Design compatible with environmental extremes 





(£) Adequate safety margins demonstrated by test and worst case 


analyses 
Cg) Recognition of test réquirements 
(h) Testability of the hardware - particularly in redundant ateas 
Ci} Adequacy of redundancies ~ at all assembly levels 


(4) Recognition and identification of all major failure modes 


‘and mechariisnus 


{kK} Minimization of single point. failure modes. 





These items are generally examined at the component (box) level, However, 
each component may employ piece-part redundancy and high reliability cir- 
cuitry and/or techniques. Redundaricy is also extended to the subsystem 


level where practical. 


In order to illustrate the reliability merits of the entire BPS/DP. EAC, it 





4& necessaty to consider the system ‘as being compased of various subsystems 
and treat each one Separately. Ten subsystems have been selected for dis- 
cussion and block model dilustration. No attempt has been made to determine 


an individual numerical figure of merit. 
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It is apparent from the models that different types and various degrees of 
redundancy are employed for each subsystem. This is due primarily to the 

piecemeal evolution and continually increasing performance required of the 
hardware. The intended usage of the PPS/DP EAC hardware demands improved 
reliability as well as performance well beyond earlier configurations. A 

second major factor is piece-part obsolescence resulting in redesigns that 
are Closer to a state-of-the-art. The most significant improvements in 


reliability (PPS/DP EAC compared to previous configurations) are associated 


with the command, initiator (pyrotechnic) and camera subsystems. 


The subsystem discussions and models presented normally deal with the most 
eritical functional requirements; i.e., power 'ON' rather than power 'OFF'; 
'SET' rather than 'RESET'; etc. In most cases, the above examples are symmet- 
rical in terms of reliability modeling and, therefore, will not be further 
discussed. Many functions employ additional reliability techniques (re- 
dundancy) at the piece part and circuit level which are not apparent at the 
subsystem level. Such redundancies are treated in those sections of this 


handbook where individual components are described. 
2.2.1 Initiator Subsystem 


Figure 4,2-1 depicts the typical redundancy characteristics of the upgraded 


initiator (pyrotechnic) subsystem. 


Redundant initiator commands are received by the initiator electronics unit 
(IEU}) from both decoders A and B of the extended command system (ECS). A 
third command from the minimal command system (MCS) may also be utilized. 
MCS commands are not available for: main hatch ejection; 5 splice and cut; 
9 splice and cut; viewport door backup; and viewport door blow. The re- 
ceived commands are redundantly processed to the initiator firing circuits. 
There are two independent initiator firing circuits for each electro-explo- 


sive device (EED) used in the PPS/DP EAC. Either initiator (pyro or squib) 
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Figure 4.2-1. Initiator Subsystem (Typical) 
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will actuate the EED. With the exception of the backup functions, the EEDs 
employed on the PPS/DP EAC are extremely critical and their operation is 
essential since the EEDs are not redundant. Examples of EEDs used are pin- 
pullers, spin-off and in-flight disconnects, cutter sealers and splicer/ 


cutters. 


Primary power is routed from the power monitor and control unit to the IEU 
via two individual lines. This provides redundant primary power and also 
permits the redundant features of the IEU to be easily tested since the 


lines remain isolated within the IEU. 


Initiator or pyro power is received at the IEU from the SCS ON 9 twisted 
shielded pairs of conductors and is subsequently distributed to the 64 
firing circuits. While this approach does offer reliable delivery of 


power, the main purpose is to minimize voltage drop due to line losses, 
2.2,2 Mirror Positioning Subsystem 


Figures 4.2.2 and 4.2-3 depict the typical redundancy characteristics of 


the stereo and crab servos which comprise the mirror positioning subsystem. 


Redundant position and power commands from the ECS are received and redund- 
antly processed by the command processor (CP). The CP features a selectable 
(A or B but not both} mode of the redundant. position and power functions 
which are steered by a redundant ECS command. Application of power to the 
servos is accomplished by either of two power (soft*) switches which react 

to the selected processed function. The same power switches are employed 

for both stereo and crab servos. Position information for the stereo servo 
has an additional "execute" circuit (implicit with ECS variable word) whereas 


the crab servo does not - selected bits A or B are directly ORed without an 


“execute”. Also, the crab position is commanded by a total of five bits 
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“Figure 4,2~2. Stereo Servo Redundancy 
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rather than the two bits utilized for the stereo position. The 1's and O's 
for each bit are symmetrical for reliability modeling purposes so both 


‘States are not shown. 





2.2.3 Instrumentation Subsystem 


Figures 4.2-4, 4.2-5 and 4.2-6 illustrate the major portions of the 





instrumentation subsystem, The focus senser, S1-PRG sensors and the film 


path pressure transducer are ali. considered 4 part of this subsystem. 


As shown in Figure 4.2-4, the instrumentation subsystem is desiened with a 
pulse code modulated telemetry (PCM) slave unit which employs two totally 
redundant and independent “sides” (PCM $1 is “side #1" and PCM #2 is ‘side 
#2"). Both of these sides communicate with the master digital telemetry 
unit (MDTU) by independent address and reply lines. Either side (not both} 
can be. comianded ON by any one of four commands: the usual ECS devoder A 
or decoder B (10V**) commands: a variable word command from the MCS or 4 
real tine comand also from the MCS. In addition to powering the PCM unit, 
either set of PCM commands also energizes the 5-volt regulator and the 1£18- 
volt converter {beth Located in the PM and €), which are utilized by most 
of the ‘instrumentation points (sensors, transducers, switches, @¢¢.) through- 
eur the PPS/DP EAC. 





Redundant monitoring of individual instrumentation points which are of pri- 





mary interest is accomplished by employing both power sources (+5 volts and 





ti volts} applied to two similar sensing units (sensors, transducers, swit« 


ches, etc.), These units are generally located as functionally close to 





Aescatasapeesm me gir mmm tittle Mt AN in stig ay 9 hae 9 ettetttinn tt Anhinga mmm Em eth nt gm em 


‘See Part 3, Section 9 for a description of command types. 
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Figure 4,.2-4. Instrumentation Subsystem 


FOP-SECRET 


Approved for Release: 2017/02/14 C05097360 


OT-2° 7 


Approved for Release: 2017/02/14 C05097360 


LOP-SECRET _G 
pif-008- W-C-019842-R1-80 











HIGH/LOW 
PROCESS 

ALTITUDE me HIGH/LOW + ————_ : 
ALTITUDE 

FOCUS 












ELECTRONICS 


PROCESS 
FEP 









































(FEP) 
FEP FEP | | 
POWER POWER FOCUS DETECTION TO PCM 1 
SWITCH SWITCH SUBSYSTEM © PPAND 2 
(A479) (A478) 
+15 VOLT 
POWER tea 
FOCUS FOCUS { { t 
CALIBRATE 
“owen | —e] Foun || CALIBGAT we 
SWITCH SWITCH 
FOCUS (A475) (A4Z6) =~ 
CALIBRATE = 









PROCESS 
FOCUS 
CALIBRATE 


CALIBRATE 
( COMMANDS NOTE: SEE PART 2, SECTION 5 
FREQUENCY & AMPLIT ; J 
q LITUDE) AND PART 3, SECTION 6 
FOR FOCUS DETECTION 
Figure 4.2-5. Focus Detection Subsystem SUBSYSTEM DETAILS. 


eC @ 


Handle via BYEMAN 





Approved for Release: 2017/02/14 C05097360 





Ti-g'P 


, od 


FOCUS 
ELECTRONICS 
POWER 
(FEP) 


31-PRG 
CALIBRATE 






es Approved for Release: 2017/02/14 C05097360 





| PROCESS -_ —_ 

1 mm FEP . = 
24.5 VOLT +15 VOLT 
POWER POWER 


PROCESS 
S1-PRG 
CALIBRATE 








NOTE: SEE PART 3, SECTION 13 
FOR DETAILS ON S1-PRG 
SUBSYSTEM. 


Figure 4.2-6. S1~PRG Subsystem 
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each other as possible. The points and functions to be monitered have been selected 
and instrumented in Such a manner that either powar source would provide adequate Bee 
information and diagnostics to monitor the health of the PPS/DP EAC during operation. Sr 





Figure 4,2-4 also illustrates the non-redundant (and noncritical) use af the fidm 
path pressure transducer. This is a self-contained instrument and is monitored by 
both sides of the POM unit. 





Figure 4.2-5 shows the reliability model of the focus sensor subsystem, Two commands 
are available to activate the sensor while four commands. (not shown) are: provided for 
turn-off, The focus setisor calibrate circuitry is both activated and turned off by 
four possible commands, This particular subsystem is designed with higher emphasis 
on disabling rather than enabling as can be seen by the series power switches 
{rather than parallel) and the two additional commands available for turn-off. For 


the EAC configuration, the High/Low Altitude fumetion has been added to the focus 2 





etection electronics and the calibration generator has been given éxtended capabil- 
ities, The High/Low Altitude commanding incorporates a unique reliability scheme 
an that redundancy is accomplished by employing either decoder A or decoder B 
comands (hut riet both simultareously) which results in additional failure work- 
arounds. Focus sensor output information is reuted to both sides of the PCM unit 


‘for telemetering, 


Figure 4.2-6 is a simplified model of the S1-PRG subsystem. The 51-PRG hardware 


uses the same processed commands for turn-on as used for the focus sensor, There @ 





ave six possible commands for turn-off (four described previously for focus sensor 
OFF and two assigned as Sl-PRG OFF). The calibrate function has redundant 'ON' 
commends but, as in the focus sensor calibrate, can utilize four possible ‘OFF’ 


comands. The S1-PRG subsystem being noncritical is, therefore, designed with 





more emphasis on turn-off than on turn-on. Gutput information is redundantly = 
processed in the PCM unit. 
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2.2.4 9 and 5 Camera Platen Drive Subsystems 


The hardware involved and the operation of both the 9 and 5 camera subsystems are 
identical for modeling purposes. Figure 4.2-7 illustrates the redundancy and 


reliability characteristics of both platen drive subsystems. 


All commands employed by the camera drive subsystem are received redundantly from 
the ECS. Either of two cross-strapped power switches receive "CP SELECT" steered 
and redundantly processed commands and, in turn, route operating power to both 
redundant halves of the frequency phase lock loop electronics (FPLLE). Actual 
turn-on of the FPLLE drive is accomplished by the redundantly combined and processed 
film drive ON and FPLLE select side commands (both sides operating simultaneously is 
not possible). Each FPLLE side is dedicated to independent windings of the platen 


drive motor. 


Commanded platen speed information is processed redundantly with each of the two 
sides of the FPLLE receiving one set of bits. A redundant encoder and encoder 
processor is employed for speed feedback information, each output being fed back 


independently to the corresponding half of the FPLLE. 


For the EAC configuration, two additional redundant commands were incorporated to 
accommodate the lower camera speeds required for high-altitude photography. The 
commands initiate the necessary loop dynamic changes in the FPLLE and also select 


the proper encoder feedback frequency. 
2.2.5 Nominal Platen Adjust (NPA} Subsystem 


Both the 9 and 5 subsystems are identical for modeling purposes and are totally 
independent from one another. The NPA subsystem employs a variety of different 
forms of redundancy with the drive mechanism itself being the only item subject to 


a single point failure. The slant range compensation (SRC) subsystem is not 
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Figure 4.2-7. 9 Camera Platen Drive Subsystem 
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considered as a backup subsystem to the NPA (although the converse is true) due to 
the limited platen adjustment capabilities and the restricted commanding possibili-~ 


ties inherent in the SRC. 


Figure 4.2-8 illustrates the many redundancy features of the NPA. Redundant ECS 


normal commands are employed for: 


(1) Enabling or inhibiting the selected primary or backup 
side of the subsystem. These commands apply/remove 
unswitched power to the motor drive circuitry and are 
redundantly processed. 


(2) Selecting either the primary or backup mode. Both modes 
are OCRed at the NPA motor and each mode operates half of 
a redundant brake. The difference between the modes is the 
technique by which the motor power is "clocked". The 
primary mode utilizes the 20 Hz timing signal C while the 
backup mode is clocked from the slower 5 Hz ECS command 
repetition rate. 


(3) Platen start plus platen start minus, and platen stop. 


The NPA subsystem is one of the most reliable designs in the PPS/DP EAC and offers a 
great deal of flexibility. 


2.2.6 Slant Range Compensation (SRC) Subsystem 


- Both the 9 and S SRC subsystems are identical for modeling purposes. This subsystem 
employs very little redundancy primarily due to the relatively less consequences 

of failure. However, the function performed by the SRC subsystem can also be 
accomplished by the NPA subsystem, Paragraph 2.2.5 (the NPA and SRC subsystems are 
mechanically linked together}. The NPA, while providing finer granularity requires 
a longer time to move a given distance resulting in the need for additional ground 
planning. The SRC adjustment is controlled by the first four bits of the film drive 


speed command (see Appendix H). 


Figure 4.2-9 illustrates the minimal redundancy of the SRC subsystem. The ON or 
ENABLED mode requires both operating power (OP) and film drive ON (FD+) along with 
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the first four speed bits, -All of these commands are received redundantly from 
the ECS. The FD+ and OP commands enable the SRC drive circuitry and. permit the 


SKC motor to adjust the platen witil the encoder output satisfies the desired 





position as dictated by the speed bits. 


tue to the consequences of the possible failure modes, enphasis is placed. on aise 
abling the SRC subsystem. The drive circuitry is disabled (24.5v power removed) 





by any of the following commands: redundant film drive OFF (FD-); redundant SKC 
DISABLE; redundant 13V command word itiplicits; minimal 5 or 9 OP OFF received 


Singly; minimal 5 and 9 OP OFF received singly. 
a Variable Exposure Mechanism (VEM) Subsystems 
‘Both the 8 and 5 subsystems are identical for model ing purposes and, as in the NPA 


and SRC subsystems, are totally independent from one another. The VEM model closely 


resembles the previously discussed NFA model and is considered one of the most @ 





straightforward arid. classical usages of redimdancy in the PPS/DP EAC system. 


applied to the VEM subsystems. Redimdant enablé/inhibit ‘commands. aré received and 
processed redundantly. These commands apply/remove unswitched power to the logic 
and motor drive circuitry and are steered by the redundant select VEM Side A/Side B 


comand. ‘The four redundant pésition commands (bits) are processed redundantly. 


‘The VEM logic and motor drive circuitry for both side A and side B are identical. é 





Both sides provide moter drivé power which is ORed at the motor. A dual encoder 


2,28 9 Film Handling System 





A vedundancy block dilagrain for the 9 film handling system is shown im -Figure 


4.2-11, There are two basic commands required to operate the 9 film handling 
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system. They are the 9 OP ON/OFF and the 9/5 TAKE-UP ENABLE/INHIBIT com- 
mands. These commands are received by the PPS/DP EAC redundantly from each 
redundant ECS decoder. The 9 OP ON/OFF commands are processed redundantly 
in the command processor unit. The desired high reliability of this sub- 
system is enhanced via two parallel cross-strapped power switches located 
in the power monitor and control unit. This is the identical hardware and 
scheme employed for the camera drive subsystem (see Paragraph 2.2.4 and 
Figure 4.2-7). A receipt of the redundant 9/5 TAKE-UP ENABLE/INHIBIT com- 
mand results in a relay switch contact closure in the command processor 
unit. An internal logic switch located in the film control electronics 
unit (FCE) executes the "ENABLE" function. This command has no redundancy 
feature. However, the 9 supply looper "full" and "empty" logic switches, 
located in the 9 supply unit, will perform the film take-up cycle ENABLE/ 
INHIBIT function in the absence of this command. The 9 system, while em- 
ploying several redundant circuit design features, also is subject to many 
single point failure modes. This system does not contain a backup or 
redundant mode operational provision. However, the reliability of the 

9 film handling system is enhanced by the liberal redundancy maintained 


exclusive of the system's internal design. 
2229 5 Film Handling System 


A redundancy block diagram for the 5 film handling system is shown in 

Figure 4.2-12. There are three basic commands associated with the operation 
of the 5 film handling system. They are the 5 OP ON/OFF, the 5 take-up 
ENABLE/INHIBIT, and the 5 parking brake ON/OFF. All commands are received 
redundantly from the ECS decoder. 


The. 5 OP is processed redundantly in the command processor. To enhance re~- 
liability, two parallel (cross-strapped) power switches, located in the power 
monitor and control unit, execute the 5 OP ON/OFF function. This is the 


identical hardware and scheme employed for the 5 camera platen drive subsystem. 
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Figure 4,2-12. 5 Film Handling Subsystem 
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Receipt of the redundant 9/5 take-up ENABLE/ENHIBIT command results in 4 





relay switch contact closure in the command precessor unit. An internal 

@ Logid switch located in the film handling electronics (FHE) executes the 

. ENABLE funetidn. This cdimmand hes no reduviddncy features. However, the 
§ supply looper FULL and EMPTY logic switches, located in the supply unit, 


will perform the film take-up cycle ENABLE/INHIBIT function in the absence 


a of this cotimand. 


‘The § parking brake ON/OFF commend is precessed thraugh a Series path in 
the command processor and power monitor and control units. To increase 

the reliability of the system, a fail-safe degign feature in the supply 
parking brake circuitry has been provided. In the event that the parking 
brake power cannet be remaved by command, an interlock relay in the 5 supply 


unit Will disable this fiinetion with the application of 5 OP power. 


iB The film nandling electronics uit contains backup mode operation Circuitry 
which provides a large dégree of functional redutidancy. This backup mode 
design minimizes the number of single point failure mades while supplying an 


@ltermate mode film teke-up cycling capability. 
2,2.10 Thermal Environment Control Subsystem 


The théraal énvironment of the PPS/DP EAC is controlled primarily by three 
items: a heating system, the external paint pattern, and viewgort doer operation. 


2.2.10.2 ‘Heater System and Paint Patterns. The héater system and pat 
patterns are discussed in detail in Parr 3, Section 8 of this document. 

There are, however, reliability considerations which have been factored 

a into the thermal control subsystén design. The heating system is a series of 
. ‘thranch" switches which feed a larger number of heater controllers that in 


turn thermostatically control power to individual heating tones (tapes). There 
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are 7 branch switches (branches 1, 2, 4, 5, 6, EPSM 1*, EPSM 2*) which will 
respond to any one of three commands for both ON or OFF (EPSM has five for 
ON and three for OFF). Generally, they are all commanded ON by a common 
command and OFF by individual command (many combinations are available). The 
PPS/DP EAC can tolerate two heaters {controllers} failed ON in a worst 


case hot orbit and half of the heaters OFF in a worst case cold orbit. 


2.2.10.2 Viewport Doors. The viewport doors are an essential part of the 
thermal control scheme. They restrict heat loss from the COA when closed 
and may be used as a secondary means of cooling when open. However, the 
primary reliability concern is that the doors are not only operable for 
thermal considerations, but also for photography. The viewport door mech- 
anisms are designed with an ordnance initiated backup drive system and also 
an ordnance initiated, but less desirable, door blow scheme (doors remain 
permanently open}. Details of the design and operation of the viewport door 
subsystem are found in Part 3, Section 5 of this handbook. Figure 4.2-13 
and 4.2-14 show the primary and backup modes for viewport door operation 
from a redundancy standpoint. 


The primary mode (Figure 4.2-13) is initialized by the launch preset ground 
command prior to launch. Shortly after launch, the primary drive mechanism 
is enabled by the operation of redundant (lock-out) switches which result 
from the ordnance initiated main hatch eject event. Redundant OPEN/CLOSE 
commands provide non-redundant power steering to the motor drive/mechanical 


linkage for door operation. 


*EPSM: Environmental Power, SRV Minimum (SRV Battery Heater). 
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The backup or redundant mode (Figure 4.2-14) is accomplished by issuance of the 


redundant backup command. This command performs two functions: 


(1) Electrically disables the primary mode while enabling 
the backup mode, and 


(2) Redundantly initiates an ordnance device which 
mechanically disables the primary mechanism and enables 
the backup mechanism. 


The redundant OPEN/CLOSE command now provides non-redundant power steering 
(reversing function) to the backup motor drive/mechanical linkage for door operation. 


2.3 Qualification Program 


The following paragraphs briefly summarize the PPS/DP EAC Qualification Program, 
Detailed information can be found in BIF-008 specifications: 


(a) 1402-320 and 1402-320 Addendum A, Environmental 
Design Criteria 


(b) 1402-558, Qualification/Confidence Test Plan 
for FO-7, and 


(c) 1402-558-2, Qualification/Confidence Test Plan 
for EAC Configuration. 


2.3.1 Philosophy 


The qualification Program is intended to verify design adequacy and to demonstrate 
a minimum level of equipment capability. The test conditions and parameters 

are more severe than those expected during the lifetime of the equipment in order 
to provide high confidence that the margins inherent in the PPS/DP EAC hardware 


design are adequate. 
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2.3.2. Purpose 


The purposes of the qualification program are: 





{a} To verify the capability of the unchangéd, new or 
significantly tiddified portions of the PFS/DP EAC 
design to meet fimctional and environmental requirements, 
when subjected to extremes of environmental conditions, 





{b) To discover and identify failure modes not previously 
derected by drialysis. i. 


{¢} To ideatify whexpected interactions betwéén portions. 
of the PPS/DP BAC, especially in those areas changed 
for the 9 x § design which must work in harmony with 
unchanged areas. 


(d} To verify the adequacy of the manufacturing, inspection 


(é} To contribute confidence in the overall reliability by 
fulfillment of thé dbove. 





2.5.3 Qualification Testing 


Qualification testing is designed to demonstrate that hardware, representative 
of production, can meet its specified functional performance requirements during 
and/or after exposure to designated extremes of environments. The effort consists 
of a series of tests on the majer elements and components of the PPS/DP EAC 

. (9 x Sj) system. The tests simulate the types of environments encountered by the 
hardware and includé verification of specified performance at multiple assembly 


levels. 





Babe 362 Qualification Test Criteria. The test criteria, test levels and 
parameters involved are based on the requirements originating from the General 
System Specification (G$S), further defined in BIF-008 specification 1402-320 
{Environmental Design Criteria) and delineated in detail in BIF-008 specification qa 
1402-558 (Qualification/Confidence Test Plan). The envi¥onmental test levels to 





which the hardware are subjected are generally more severe than maximum anticipated 
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aperational levels for the following reasons: 





(a) To compensate for inaccuracies in the knowledge of actial 
operational environmental levels. 


(b} To offset the fact that certain environments are encountered 
Simultaneously in actual use, but are applied separately 
during testing. 


{e} To compensate for normal variations in individual components 
of the same design. 


(4) To provide additional confidence in the ability of the 9 x 5 
hardware to survive the actual levels. 


(e} To partially offset. the statistical limitations of the small 
sample Sige. 


{£) To verify that a margin of safety is inherent in the design. 


€g) To account for the fact that a given piece of hardware may 
experience a test history excessively greater than normal. 


a> 2.363.2 Test Hardware. Qualification test hardware is hardware which has 
experienced all the normal fabrication, buildup, assembly, handling, environments, 
test procedures and processes to which typical [light hardware would be subjected. 
This hardwaive is dedicated to qualification testing use only and is not subse~ 


quently delivered for flight. 


2.3.4 Demonstrated Quélification Samnary 


Table 4.2-1 delineates the demonstrated environmental capabilities. of each major 

® component and module. (ue te the evolution of both the Gambit Progra and subse~ 
quently the hardware, all. items do not reflect similar Yevels of qualification.) 
The reader mist be aware that values appearing im Table 4.¢-1 are ‘Test. values dnd 
not necessarily Qualification limits. The reasons for differences are contractual, 

co test method (equipment Limitations) or intentional overtest as deserabed by 
Paragraph 2.5.3.1. (In general, an overtest of 25% is employed by BIF~008.) 
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TABLE 4,2~1 
RELIABILITY 


QUALIFICATION TESTS 


References: 1402-320 Enviromental Design Criteria, Qual. & Accept. Test Levels for B° 
1402-320-A Environmental Besign Criteria for New Designs and Acceptarice 
‘and Qualification Test Requirements for FM-48 through 54 
1402-558 Qualification/Confidence Test Plan for FO-7 
1402-558~2 Qualification/Confidence Test Plan for EAC Configuration 
Notes: il. Tests listed are tests performed during the K, BS or FO-7 programs or planned/ 


performed for the FAC Configuration. 


2. Additional specification or tequirements are detailed in 1402-320, 


se 
nh This table reflects the qualification status and expected results of certain tests 
ta currently in progress. 
Key: . = Be Qualification Test Results 
#8 = K-Qualification Test Results 
No Asterisk = FO-7 Qualification Test Results 
# = EAC Configuration Test Specification 
(A) = FO-7 Qualification Vibration Test to Acoustic Test Results (ATR) Spectrim 
Abbrey, : PRS = Primary Record System (9) 
SRS = Secondary Record System (5} 
CRE Test = Combined Record Path Test - Includes all Film handling hardware 
T/A =  Yherma]l Altitude 
DTV = Developmental Test Vehicle 
ECCT = Extended Cvele Confidence Test 
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TO g 
@ Bi F-008~ W4C-010842-RT~-B0 
- TEA A 
NAME PRL VIBRATION ACCELERATION: SHOCK: TEMP PRESS. CHNG, EML OTHER. TESTS. 
PPS/DP Bac go2s0 “Sine: % axis ory “Stathe Tests Max. 
“Random: % axis Aeoel -~ ¥,2 axis 
*Max, Joint Tension + 
¥;2 exis 
‘SEM/UIRM 0281 *Sine: X axis Pyro: 1402-524 Proal Press i 
Aetuste § 0,50 pais max, 
moniter + hewitt he 
selected 
pyre devices 
Phi. BARREL 30653 **4200 cycles Proof Presa 
(Also refer xo PAD. 4 tach viewnert door 4,29 psig Lint 
B/G. (ACTUATOR) system $.92 psig Uitimare 
TAKE-UP 20951 Random: 15. 8g-KX-axis Recovery! Tsee T/A test Primary - dp/dt: 1402-524 CRP test: 84-days, 
: X,Y, 2 axis 70g ~¥,2 352 peak Test: 600 min. or 800 torr/ eyele 208 to LOOF 
: axis KY,2 axis 14,000 cvetes win, te at 10-5 ‘torr. 
Mission: 75 min, or 10-9 tors 
9,000 cyeles Re peta, 
Secondary ~ 
Test: 160 min. ox i 
2,500 cycles 
Missien: 20min. 
er L000 cycles. 
SUPPLY 9 31050 # Random: (A) "9,3g-%. axis See T/A test Test: 1200 min, or “Mil. Spor. | CRP tests 64 dys, | 
Xy¥, 2 axis aft, 2,0p-% 28,800 cycles 1- 26600 cycle 2OP to 100F 
axis fwd, 1.2g-2 Mission: 150 min. at 10 torr. 
axis er 7,200 cycles 
SUPPLY & 3105S [# Rendoa{(A}<X,¥,2 [25.8g-X axis See T/A test Test: 320 win. or dpfdt: 1402-524 CRE teat: B4 days, 
axis 2.0g-Y,2 axis 8000 cycles 800 tore/ eyche aud to TOF 
Brake Powered Mission: 40 min. min. to at 10°43 ‘torr, 
or $000 cycles 10"? torr 
& return 
CRAB SERVO $1402 Sines X,¥,2 axis | 'Sg,-% axis Handling: *Non-opar. #9558 110F 25 firs. actust ON Partial “ECCT 20) 000-eyeles, 
3g ,4% axis 30¢ peak 10-160 time @ 41% max. 1402-524 @ | JSP at 10°? torr. 
Sg,¥j2 axis X,¥s2 axis Oper; SOF to duty cycle. 14,250 “MT Ln T- 26600 
IOF cycles. 
STEREO SERVO B31403 Sine: X, 9,2 axis |*1Sg-% axis Handling: *95% @ 1]0F 25 hrs, actual ON Partial ECCT 26,000 cycles 
time #8. 23% max, 1402-524 §] JSP ac. 1c? torr, 





Handle via BYEMAR 
Control System Only 





3g, 48 axis 


Se.¥,2 axis 


50g peak 
KY, 2oexis 





duty cycle. 18,250 
eycles, 
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= T/A 
NAME. VIBRATION ACCELERATION TEMP HUMIDITY FEST LIFE PRESS. CHNG. OTHER TESTS 
TROT. PROCESSOR. dandom fA}: *15¢,-X-axis Handling: Non-op. o5% @ 160P est: 280 hrs. dpsdt: 4402-624 Mission life simul: 
YZ axis 3g,0X axis 30g peak OF to 1608 an tees BY days, syeke 70F 
Powered 5g,¥,Z axis %,Y,2 axis bruce nae 7 . he 
& reteurn. . 
MEATER CONTROLLER QUALIFIED BY SIMILARITY TO. PRL 31850 STANDBY (GROUND) HEATER CONTROLLER | 
STANDRY -{ GROUND) *Random: tdofdts *Mil Spec, 
HEATER (CONTROLLER X,¥,2 axis. 800. ern / T~26600 
min. to 
lo-s torr 
§ return, 
FOCUS. SENSOR # Sine: X,¥,Z axis |g % axi See T/A test vest: 106 brs. [* dp/de: 1402-524 JPR T/A Test: 75 days, 
CTESTED IN CAMERA) ge eeeen ante Tee 806 torr/ 20 Cycles: 65F to IF 
min, to at 10° torr. 
w-3. torr 
§ return. 
LPPLLE # random: {A} Handline: Revs 95% 2 160F dp/dts # 1492-524 Mission life simul; 
%,¥,2-axis 30g peak teen tebe See Camera for cycles. | 800 torr/ 60 days, cycle 20F 
poy a! ane (PRL 31250) min, tO to L10F at 1075 torr, 
se 10°5 torr 
G return. 
CABLES, INT. STRUC, t Non-op. 954 2 160f dp/dt: Flexure tests 
(O08) K,¥,2 axis OF to iROF B00 torr/ | Flex. main trunk 1% 
| Powered min to 19°5 Flex, cotinec. region 
torr § WOX 
return, Bend « 4% bundle dia, 
| STEREG MIRROR & MT, *nandon *Non-op. “864 4 60F eeStatic Load test: 
| (Miso refer to CA} | X.%,2 axis 60F to 90 864 2 SOF 125% of Hebign limit 


Load. 
M¥,2 axis combina- 
tions. 
“sStatic Load test: 
125% of Design limit 
ioad. 





BNO BELL ASSEMB, | 
(Also refer te (0A) 
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VIBRATION ACEELERATION 


See T/A test 


Site Surveys 
X,¥,2 axis 

Sine: &,Y,2 axis 
Random: X,¥,2 
axis 


TEST LIFE 


BL F-008- W-C-019842-R1-80 











TiA & 


PRESS..CHNG, EMI QEHER TESTS 











CRP test: 2 days, 
cycle ZOP te 110F at 
1o"5- torr; 

EA Ejection Teast: 
Verify by analysis, 
*ORM/SES/Tunhels 
Surat Test: 
O.8-peig limit press, 
9,635 psig vl timate 
press. 





* "Mil. Spec. 
£=26600 

























*Ejection Test: 
SRY @ EA eiection 




















PRIMARY 








“Proof Pressure Tests 
3,13. psig. 
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ACTUATOR 















































ACTUATORS 
























OUMPLE MOTOR 


— - es ima a 
“Random: *35¢. See T/A test *Rel. Substantiation CRP test: BF days, 
K,Y,2 axis R,Y,2 axis (18 Test: 50°actuations, eyoge 20F to 11OF at 
times total 110-9 torr, 
: imes total) i 
TILT PRAME COUPLERS T/A Test 0.2 to-1 Torr, 
RandomtX.¥,2 axis BS-85. F 
TILT PRAME COUPLERS Random: X,¥,2 axis. T/A Test 0-1 te 2 Torr. 
SS~85 F 
PRIMARY. VIEWPORT DOOR 56 days @ 1079 torr 
30P-L10P, 5575 cycles 
BU, VEERPORT GOR Random {A}: See T/A test 75 days, 20F to LlOF ® 
X.Y,2 axis vO"S torr. 6,000 full 
jeyeles, Current sig- 
nature. 
Sine: X,¥,2 xia. | 15— max 30g max ~65F to. 160F BS at 160F for it. test: WATER [IMMERSION TEST 
U2 axis K,Y.Z. axis 28 days 40-3 torr. 2 
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-65F to. 160F 


Sine: %,7,2 axis 
Random: ¥,¥,2 
axhs 





per Mil Spec, E5272. | 
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PS days, ~G5F to. 160F 
2 10-8 nore, 
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3.0 MANUFACTURING 


Each hardware contractor for the Gambit Reconnaissance System produces a com- 
plete unit, which, when mated and operated with other units, is capable of 
meeting the appropriate requirements of the Gambit General System Speci- 


fication, 


3.1 Aerospace Vehicle Buildup 


A block diagram of the buildup of the aerospace vehicle at the pad is shown 
in Figure 4.3-1. Those components which are the responsibility of BIF-008 
are identified by asterisks. The following sections deal with the manufact- 


uring of those BIF-008 components identified on the figure. 
3.1.1 Factory-to-Pad Concept 


The factory-to-pad concept describes the PPS/DP EAC assembly and test 
procedure wherein the PPS/DP EAC section of the satellite vehicle is assembled 
and acceptance tested at the factory. The completed PPS/DP EAC is shipped 
directly to the launch pad and mated with other sections of the aerospace 


vehicle, ready for final testing. 

3.1.2 Manufacture/Test Interdependency 

Manufacturing Operations and test operations are mutually supportive; neither 
operation can proceed alone. In this section, testing which must be completed 


at each step of assembly is indicated. A more detailed presentation of test- 


ing is then provided in Part 4, Section 4. 


Handle via BYEMAN 
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Aerospace Vehicle 









Photographic 
Satellite Vehicle 






Booster Titan III B 


Satellite Control 


' Photographic Payload Section/Dual Platen 
Section i 


Extended Altitude Capability* 


| Dual Recovery 
Module, 


Supply Electronics 
Module 



















Supply Electronics/ 
Camera Optics Module | 


Camera Optics 
Module 








* * 


*Responsibility of BIF-008. 


Note: In order of assembiy, the satellite control section is 
mated to the booster prior to mating with the PPS/DP EAC. 


Figure 4.3-1. Aerospace Vehicle Buildup 
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3.2 PPS/DP EAC Modules 


Of necessity, work on components of the three modules which comprise the 

PPS/DP EAC proceeds simultaneously. when complete, these three (the camera 
optics module (COM}, the supply electronics module (SEM), and the dual recovery 
module (DRM)} are mated to form the finished PPS/DP EAC and final acceptance 
testing is performed at the PPS/DP EAC level. The following sections describe 
the assembly of each module, and their interconnection to complete the 


PPS/DP EAC, 
3,2.1 Camera Optics Assembly (COA) 


The COA assembly flow shown in Figure 4.3-2 begins with construction of the 
basic COA structure. Upon completion of the structure, it is shipped to 
Goddard Spaceflight Center for demagnetization and then returned to BIF-005 
facilities for further assembly. Here the heater tapes are placed on the 
structure and cabling and other wiring attached. After testing, the struc- 


ture is ready for installation of the optical components. 


3.2.1.1 Optical Components Manufacturing. Manufacturing of the optical com- 
ponents proceeds simultaneously with construction of the COA structure. The 
stereo and primary mirrors are ground and polished (see Figure 4.3-3), and 

a high reflectance deposition coating is applied. The mirrors are then accept- 
ance tested for optical quality, potted to their mounts, and again 

tested for quality. The stereo mirror is now ready for installation in the 


COA structure. 


The primary mirror must first be installed in the end bell assembly and test- 
ed in conjunction with the Ross corrector and field lens assembly (RCFLA). 
The end bell assembly, which has already been completed by this time, includ~ 
ing heater tape installation, supports the primary mirror at three points. 


This allows the primary mirror to be mounted in any one of three discrete 
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Figure 4.3-2. COA Assembly Flow 
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NOTE: Grinding lasts approximately 90 days, 
polishing approximately 70 days. 


Figure 4.3-3, Polishing Primary Mirror 
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BiF-DOR~ W.C~019842-R1-80 





determined from primary and stereo mirror surface quality testing to optimize 


aystem performance. 





Simiitaneous with manufacturing of the mirrevs, the five Ross corrector lens 


elements are ground, polished, and acceptance tested, Following this, the 





anti-reflection arid tirus-blue filver coatings are applied, atid the elements. 


are cut to the required rectangular dimensions for assembly, 


RCFLA buildup o¢eirs in a vertical orientation with the optical axis parallel 
to the gravity vector. Lens ¢lement three {third clement from the +X end of 
the REFLA} is aligned to the camera mounting surfaces and the alignment holes 
of thé RCFLA housing and potted in plate. The remaining leis elements are 
installed and aligned to lens three. The assembled RCFLA is then acceptance. 
tested. After performance of the Ross~primary mirror matching test, the RCFLA 


is réady for mounting in the COA structure. 





3.2.1.2 Optical Component Mounting and Aligmient. Optical component mounting 
to the COA structure begins with installation of the RCFLA, after which the 
stereo mirror is mounted (see Figure 4.3-4} and seme testing performed. Next, 
the primary: mirror and end bell assembly is installed following the procedure 
Shown la Figure 4.3-5, First, an autocollimating axicon leveled to gravity 
optical axis. The mirror and end bell assembly is then mounted on the COA 


and alignéd to the axis established by the axicon. 





The stereo mirror is the last optical component aligned. As shown in Figure 
4.3-6, two thedddlites, each leveled to gravity, are used to align the stereo 


mirror. First, the COA structure is rolled until the roll reference mirror 





on the RCFLA housing antocollimates the source from theedolite number ons. 


The second theedolite is aligned perpendicular to the optical axis using an 
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Stereo Mirror 
(Back Surface Shown) 





+2 
+X 
*Y 
FM 47 Hardware shown, BIF-008 Vehicle 
FM 48 similar. me oe Coordinates 


Figure 4,3-4. Assembling Stereo Mirror to COA 
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Alignment Of Axicon To Optical Axis Of Third Ross Element (hi 








== Lens Element 3 
~N 
ae 


Optical Axis a 7 = © 











COA Structure Surfaces Autocollimating 
ek 7 Axicon 
Notes: (Level To Gravity) 
1, Not shown is the alignment 
of RCFLA elements 1,2,4,5 to +X 
element three optical axis. 
2. Stereo mirror removed for +2 
clarity. BIF-~008 Vehicle 
Coordinates 


3. Alignment performed in -Y up 


attitude. @ 


Alignment Of Primary Mirror To Optical Axis 












Optical Axis 


Autocollimating 


Primary Mirror : 
Axicon 


Views From Top (Note 3) 


Figure 4.3-5. Primary Mirror Alignment 
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mirror to this source positions it at the required 45 degrees to the optical 


axis. 


3.2.1.3 A and B Reference Mirror ("Lollypop") Alignments. After mounting the 
optical components, the A and B reference mirrors or "“iollypops’ used in assem- 
bly of the camera optics module are aligned to the optical axis. The COA is 
placed in a -Y up attitude as shown in Figure 4.3-7 using theodolite number 

one and the roll alignment reference mirror on the RCFLA housing. Lollypop 

A is attached to the COA structure and the mirror adjusted to autocollimate 
theodolite number two, establishing a line parallel to the optical axis. Lolly- 
pop A is removed and lollypop B is attached to the structure. Since the B 
reference mirror is fixed, a third theodolite is used to measure the differ- 
ence between the leveled theodolite and the angle needed to autocollimate 

off the mirror {reference Figure 4.3-7). This is performed in both the +Y 

up and -Y up attitudes and the average angle used at the COM level to position 
the COA in roll. 


3.2.1.4 $1-Platen Reference Gauge (S1-PRG) and 9x5 Dual Platen Camera Mounting. 
The SI-PRG sensors are installed after alignment of the reference mirrors.* 
Nominal output voltage for the $1 sensor is set by adjusting the target posi- 
tion in the X direction with respect to the sensor. The two PRG sensors are 
installed but left unpinned pending determination of best focus position from 


COA previbration testing. 


After SI-PRG installation, the dual platen camera is mounted to pads on the 
RCFLA housing. Previbration testing is then performed to determine best focus 


position and establish previbration baselines for the camera. Following this, 





*For a description of the S1-PRG experimental hardware, reference Part 3, Sec-~ 
tion 153. 
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the two PRG sensors are adjusted to their nominal output levels by position- 
stort t , tee - 2 ie 4 +. L as ae a = 


ing the éntire sensor asSembly fax each with reépect to its target and the 


sensors. pinned in place. Sl and PRG previbration baselines are established 





‘for thease conditions. 


After completion of S1-PRG mounting, and previbration testing, the COA is 


vibrated with a camera mass simulator installed, and again tested. This is 





the last optical testing performed on the COA, and Si-PRG aperational base- 
lines and best photographic focus pésition baselines aré established at this 
time, The camera is selectively shimmed at the. mounting pads to aptimize 


axial performance and equalize field performance for the 9 system. 
3.2.2 External Structure 


The external structure, which is the structural shell for the PPS/DP EAC con- 


sists of five major assemblies: 





(1) The Aft barrel 

(2) The Forward barrel 

{33 The supply electronics structure (SES] 
(4) The fixed adapter (FA} 


{S&S} The ejectable adapter (EA) 


Manufacturing of the structure is perforned by Lockheed Missiles and Space 





Company (LMSC) under subcontract to BIF-~008. In addition, LMSC. produces 


wany of the internal and nonstructural components a5 well. 


For the forward barrel, nonstructural subcontract components include the hatch 





ejection mechanisms, the viewport doors, and the door drive. compenents. For 
the SES, the junction box, the film supply enclosure, cabling, electrical 


heaters, thermal instrumentation, and other components: are installed by LSC. 
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In the EA and FA, LMSC provides the film tunnels (excluding rollers), the 
blast shield and blast shield valve, electrical cabling and pyrotechnic de- 
vices, mounting and ejection components for the satellite reentry vehicles 


and the EA, and thermal and ejection instrumentation. 


All external and internal surfaces, excluding mating surfaces, are finished 

by LMSC to minimize electrical conductivity, galvanic corrosion, surface con- 
tamination, and corrosion during storage, Magnesium Component-mounting sur- 
faces are finished with Iridite 15 and aluminum component-mounting surfaces 
with Ivridite 14. Metallic mating surfaces are made conductive through the 

use of conductive finishes. PPS/DP EAC external thermal finish patterns on the 
EA and FA are applied by BIF-008 at BIF-008 facilities. All other thermal 
finish patterns (aft barrel, forward barrel, and SES) are applied by LMSC. 


3.2.3 COM Assembly 


Assembly of the COM begins with preparation of the aft barrel for mating with 
the COA. The fiberglass eccentric and spherical support bearing for the COA 
broomstick is attached to the COM aft bulkhead and the structure erected for 
mating in a vertical position, The forward tape support screen is attached 

to the forward end of the COA, and insulation blankets are installed complete- 


ly enveloping the COA. 


The blanketed COA is erected and lowered vertically into the aft barrel as 
shown in Figure 4,.5-8 until the A-frame supports are in position to be bolted 


to the Station 150 ring of the aft barrel. 


At this point, the COA is adjusted in roll with respect to the aft barrel axes. 
To accomplish this, an interface alignment gauge (Figure 4.3-9) identical to 
that used for aligning the satellite control section* is attached to the aft 


barrel as shown in Figure 4.3-10, and the B lollypop is attached to the COA, 








*Reference Part 3, Section 1 4,313 
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A theodolite is aligned to mirror B on the gauge, and then swung up to look 
at the B lollypop. The COA is rotated about the X axis to establish the 
angular offset measured during COA assembly (Section 3.2.1.3), aligning the 
optical and external structural axes in roll. When alignment is achieved, 


the A-frames are bolted and pinned to the aft barrel support ring. 


Next, the forward barrel (minus the ejectable hatch and viewport doors) is 
assembled to the aft barrel by lowering it down over the COA and attaching 
it to the aft barrel at station 150. The COM remains vertical after this 
for alignment of the optical and external structure axes in pitch and yaw. 
Figure 4,3-11 illustrates the procedure. A jig transit is aligned to the 
A reference mirror of the interface gauge. The A lollypop is then instail- 
ed on the COA, and the COA aligned so that the A lollypop mirror auto- 
collimates with the jig transit by positioning of the broomstick eccentric 


mount and adjustment of the -Y A-frame arm. 


At the completion of the pitch and yaw alignment, the optical axis of the COA 
must be aligned coincident with the X axis of the external structure in the 

XY plane. This alignment is accomplished by installing the forward barrel 
interface gauge on the station (Sta) 77 forward barrel interface. There are 
reference surfaces on the camera and on the interface gauge. Measurements are 
made using depth micrometers to determine the Y and Z axis translation position 
of the COA relative to the forward barrel. Adjustments in Y translation are 
made by using the adjustable A-frame and broomstick eccentric. Generous tol- 
erances in Z axis translation preclude the need for adjustments. Pitch and yaw 
alignment are maintained during the translation adjustment by maintaining 


autocollimation between the A lollypop and SCS A mirror. 


Following the alignment sequence, the COM is lowered to horizontal and the for- 
ward end moved into a laminar flow tent. The camera is cleaned and the bellows 


installed. A “hot-dog" simulation test (reference Part 4, Section 4) is per- 
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formed to check for any mechanical coupling between the COA and external 


structnre, and the COM is complete and ready for final testing and inspec- 


& tion, 


3,2,4 SEM Assembly 


Eg] The basic SEM structure is formed by the SES. manufactured by LMSC. Figure 4.3- 


12 illustrates the SEM assembly flow following completion of the SES by EMSC. 


Upen receipt at BIF-008 facilities, the SES is disassembled and inspected. A 
sticky "fly paper" coating is applied to the inside surface of the film supply 
enclosure %o trap any contaminants that come in contact, and any necessary 
wiring modifications are accomplished in the junction box and electrical har- 
nesses. After electrical testing, the SES is ready for installation of the 


remaining Components, including the film supplies and electronic boxes. 


a 3.2.4.1 Film Supply Assemblies. The 9 and 5. supply assemblies, excluding 


splicer mechanisms, are built at BIF-008 facilities. 


Assembly of the @ supply begins with construction of the spool core and drive 
assembly, SAd the framé and looper assembly freference Part 3, Section 2}. 
The two are then combined to form the basic 9 supply. Next, the supply roll- 
ers and components are aligned for proper film tracking and the completed 
assembly tested. The splicer méchanism is installed and the entire assembly 


& tested once.more prior to installation ‘in the SEM. 


The 5 supply is assembied and aligned much like the 9 supply. However, the 


spool drive is not internal te the core and thus two separate. initial assembl- 


e ies are not required. 


3.2.4.2 Electronic Box Assembly. The majority of electronic units are designed 


and butit by BIF-008, Those not manufactured by BIF-O08 include the following: 
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(1) Viewport door electronics 
(2) Initiator electronics unit 


(3) Digital telemetry unit 


Each box is tested at various stages of assembly and acceptance tested prior 
to installation in the SES. Purchased units are tested by the subcontractor 
and then acceptance tested upon receipt at BIF-008 facilities. In addition, 
BIF-008 retains the right to review and inspect subcontractor designs and as- 


sembly procedures to ensure reliability of the units. 


3.2.4.3 Splicer Mechanisms and Aft Backup Cutter. Other major components of 
the SEM include the 9 and 5 splicer mechanisms which become part of the re- 
spective supply assemblies, and the aft backup cutter which mounts on the +X 
side of the forward SEM bulkhead. All three are subcontract items manufactur- 
ed by LMSC. 


3.2.4.4 Final SEM Assembly. Final assembly of the SEM starts with in- 
stallation of the film supply enclosure venting valves and other small com- 
ponents. Next, the various electrical boxes are mounted to their support 
rails and connectors mated. Installation of the aft backup cutter and the 
9 and 5 film supplies completes assembly of the SEM, and it is ready for 


acceptance. testing. 


Following acceptance testing, a previbration alignment verification check 
is performed to measure the alignment of the 9 and 5 supplies to each other 
and to the Sta 34.5 interface. The supplies are not adjustable so their 
alignment to the interface depends on the mechanical tolerances built into 
the SES. The SEM is then sent through vibration testing and the supply 
alignments checked again to determine if any shifting has occurred. After 


a Final inspection, the SEM is ready for mating to the COM (see Figure 4.3-13), 
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Figure 4.3-13. Supply Electronics Module (-Z View) 
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3.2.5 DRM Assembly 


BIF-008 construction of the DRM begins with receipt of the EA and FA from 
LMSC. After inspection, the thermal pattern finish is applied. Simultaneous 
with this, the cutter/sealer (C/S) and tunnel sealer record trap (TSRT) 
mechanisms manufactured by LMSC are installed in the 9 and 5 TSRT assemblies 
and the assemblies mounted in the FA. After TSRT mounting, the film tunnel 
insulation blankets and blast shield blanket are attached. The EA and FA 

are then mated for testing and separated again following testing for mating 
with the satellite reentry vehicles. Figure 4.3-14 summarizes these and 


following assembly steps. 


3.2.5.1 Satellite Reentry Vehicles (SRV's). Design and assembly of the two 
SRV's is the responsibility of General Electric Reentry and Environmental 
Systems Division (GE RESD), an associate contractor on the Gambit Program. 
BIF-008 manufactures and supplies the 9 x 5 take-up mechanisms to GE RESD 
for installation in the recoverable capsule portion of the SRV. The film 
path C/S device installed by GE RESD is also supplied by BIF-008, and, like 
all other C/S devices in the PPS/DP EAC, is manufactured by LMSC. After 
assembly, GE RESD tests the SRV's, aligns the film take-ups, and then ships 
the SRV's to BIF-008 for integration with the EA and FA. 


3.2.5.2 DRM Final Assembly. Upon receipt at BIF-008 facilities, the SRV's 

are fully inspected and tested. SRV 1 is mounted on the EA and SRV 2 on the 
FA, Film take-up alignment is checked and further testing performed. Follow- 
ing this, the EA and FA, with their respective SRV's attached, are mated, and 
the assembled module acceptance tested to verify operation and establish a pre- 
vibration baseline. After vibration, take-up alignment is again checked and 
the DRM completely retested. An overall inspection is performed, and the DRM 
is ready for mating with the SEM and COM (see Figure 4,3-15). 
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3.2.6 PPS/DP EAC Assembly 


PPS/DP EAC assembly consists of mating and testing the three separate modules: 
the SEM, COM, and DRM. In the assembly sequence, the SEM and COM are mated 
first to form the SEM/COM unit (Figure 4.3-16) and broomstick testing is 
performed to check for any mechanical coupling between the COA and external 
structure.* An additional test measures the mass moment of inertia about 

the vehicle X axis. The DRM is then mated to the SEM/COM to complete the 
PPS/DP EAC. (DRM X-axis mass moment of inertia is measured during DRM test- 
ing and is combined analytically with the SEM/COM mass moment.) At this 


peint, a full acceptance test is run to ensure proper vehicle operation. 


After testing, the viewport doors are installed on the forward barrel, the 
vehicle pyrotechnic devices are loaded and final testing is performed. The 
vehicle is then cleaned and prepared for storage or shipment, Figure 4.3-17 
illustrates the completed PPS/DP EAC. 





*Reference Part 4, Section 4 
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Figure 4,3-16. SEM/COM Assembly 
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Figure 4,3-17. PPS/DP EAC 
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4.0 TESTING 


Comprehensive tésting. of components, major assemblies, modules and the photo~- 
graphic payload section/dual platen extended. altitude capability (PPS/DP EAC) 
Gs is performed to assure that the BIF-008 deliverable hardware meets specified 


requirements for performance, reliability and in-use environmental ‘concitions. 


Environnental design and test criteria have been established for the PPS/DP EAC 
modules, major assemblies and components through a sertes. of specifications, 


the compliance with which will result in a high-performance PPS/DP EAC. 


4,1 Optical Components and Camera Optics Assembly Testing 


sacheeneeimtmatrnenenneahtlnensthminrtbarniabheaysesenenwpstepyeAtemseieam yey wwemneienmelmniiienii ksh Dinh Mamsrset ise Reeedvans!swmmeeninitie” 


Testing of the camera optics assembly (COA) for optical quality and perform- 
arice proceeds from testing of the individual optical components to acceptance 


testing of the completed COA. 


Optical components are tested for surface quality, proper dimensions, and ether 
factors pertinent to each individual element. These tests are performed after 


nianufacturing of the components and at various stages of assembly, 





4.1.1.1 Primary Asphere and Stereo Mirror. Acceptance testing of the pri- 
mary aiid stereo mirrors includes interferometric évaluation of surface quality, 
a8 weill-as measurements of reflectance and of the vertex radius of the primary | 
43 mirrar. Simplified diagrams of the optical test setups employed to evaluate 
the quality of the stereo and primary mirrors ate shown if Figure 4.4-1,. The 


aefect of gravity-induced distortion on the surface quality of the large light- 





@ 4 
- 7 


Kandie via BYEMAN | 


G fantrai. System Gniy 


AE NERR EET 





Approved for Release: 2017/02/14 C05097360 











Approved for Release: 2017/02/14 C05097360 


TOP =) es 
BI F-008- W-C-019842-RI-80 








Interferometer ~ 


Focus / 






— Spherical Wavefront 


i“ ee—Null Compensator 
f Aspherical Wavefront 
i 
4 


Aspheric Surface 






~Primary Mirror 


_~— Air Bag Support 


Test _ J™ interferometer 


\ 


Sphere 





Figure 4.4-1. On-Back Primary and Stereo Mirror Tests 
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weight mirrors is minimized by supporting the mirror on its back on a pro- 
perly infiated air bag, In each case, an interferometer is located at the 
equivalent center of curvature fot the aspheric primary mirror or the tést 
sphere for the stereo mirror. The two-element refractive null compensator 
whith is used in the evaluation of the primary mirror converts the aspheric 
wavetrerit produced by the primary mirror to a splierical wavefront for inter- 
ferometric evaluation, The error contribution of the test sphere and null 
compensator are accurately known and are taken into account when evaluating. 
‘the qiality of the primary and. stereo mirrors. Surfdte quality measure- 
ments are First made after the deposition of the high reflectance coating 
and again after the mirrors have been potted into their mounts. During the 
testing of mounted mirrors, the mounts are counter-balanced so that their 


weight dees not degrade the surface quality of the. optic. 


4.1.1.2 Ross Cofrector and Field Lens Assembly (RGFLA} Testing. Measure- 
ments mide on finished RCFLA elements or, where appropriate, on representa- 
tive glass samples, include: surface irregularity, radii, element thick- 


ness, index of refraction, partial dispersion, homogeneity ard birefringence. 


Acceptance testing of the assembled RCFLA includes measurements of the align- 


ment of the elements, air spacing and Leak rate. 
4.1.2 Lens Assembly and COA Testing 


The Ross match and COA level testing are performed with the optical axis hori- 
zontal and the primary, stereo and autocollimating test mirrors supported on 
edge. The testing is conducted in the +Y up and -Y up vehicle orientations. 
An autocollimation technique employing 3 48-inch diameter test flat is used to 
define the best focus position for an object at infinity. Figure 4.4-2 is a 


simplified diagram of the test setups for the Ross match and COA level optical 
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Figure 4.4-2. Ross Match and COA Level Optical Test Set-Ups 
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testing, The object (tri-bar target, interferometer, etc.) is located at the 
approximate point of focus of the lens, Accordingly, the beam of light ree 

fiected Prom the -surface of the primary is collimated and is reflected by the 
stereo mirror to the autocollimating test flat which folds the beam ‘back into 


the lens. The test fiat is adjusted to properly position the return image. 


During the double-pass. autocollimation process, lens aberrations and surface 
errors. encountered are twite as. large as those experienced in the single-pass 
flight condition, While the effect of this process on wavefront ¢rrors 1% 
linear, the modulation produced by the lens is affected in a nonlinear 
fashion, “Accordingly, double-pass resolution measurements cannot be rigeor- 
ously Interpolated to single-pass quality estimates. As an alternative, 
samples of double-pass interferometric wavefront quality are processed by 


various computer programs to provide rigorous predictions of optical and 


photographic perfermance. A description of this technique can be found in 


Part 2, Section 12, "Optical Analysis”. 


4.1.4.1 Ross Match Testing. After acceptance testing, the mounted primary 
mirror is installed in the end bell agsembly. The RCFLA and priniary mirror 
(which constiture the lens of the CGA) undergo an in-process Ross match test. 


which bas the following objectives: 


(a) Evaluation of the wavefront quality of the lens devoid 
of stereo mirror surface and on-edge gravity distortion 
errors, 


{b) Optimization of RCFLA and primary mitter aligiment. 
fe) Evaluation of lens back-facus distance, image phone 


tilt and field-curvature characteristics. 


Objectives fa) and (b) are achieved via axial interferometry obtained in both 
test attitudes and averaged to minimize any effect caused by distortion of the 


optical components due to gravity. The contribution of the calibrated wavefront 
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érror of the atitocollimating test flat is removed from the Rass match wave- 


front during. interferometric processing. An estimate of system wavefront 





quality and OQF are made by addition of the wavefront errors of the Ross 
match dnd stereo mirror to the wavefront. Back~focus and inage-plane char- 
acteristics are assessed through static, double-pass, ‘white-light’ photo- 


graphic, tri-bar resolution testing which is performed on axis and at the 





£1.05 degree semifield positions. Back-focus and Tield curvature are con- 


trolled by adjusting the air space {S,}) between the primary and the RCPLA. 


4.1.2.2 COA Bulidup. After Ross match testing, the RCFLA, the stereo 
mirror and the primary mirror [assembled in its end bell} are installed in 
the internal structure. The primary mirror/RCFLA alignment, which was 
détermined at the Ross match level, is transferred to the COA. The as- 
sembly-aid. reference mirror “A and the stereo mirror are aligned to the 


optical axis of the RCFLA., 





The “BY (Roll) reference mirror is installed and measured.* The effect of 
gravity-induced structural distortion on system alignment is accounted for 
‘by setting the aligyment equal to the average of the gravity-induced dis- 
placements encountered as the vehicle is rolled 180 degrees relative to 
gravity. This technique involves a simple application of Hooke's daw to a 


structure which exhibits little hysteresis effect. 


4,1.2,3 COA Testing. Testing at the COA level is complicated by the 


gravity-induced distertitn of the surface of the stereo mirror which is 





supported on edge (trummion axis vertical}, and the distortion ef the COA 
structure. The on-edge gravity distortion of the stereo mirror is minimized 
by supporting the mirror of test jacks inserted into thé side mounts of the 


mirror 1 3/8 inches forward of its center of gravity. A nominal upward force 





of 250 pounds push and pull is applied at the gravity~bottom and gravity-top 





teference Part 4, Section J for a description of optics and reference mirror 
alignment. 
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side mounts, respectively. This attion minimizes the gravity distortion of 


the steren mirftoer and removes its Weivht From the dntérnal structure. 


Buring testing, the COA is mounted in a cradle and supperted in a manner 
similar to its mounting in the external structure, The COA is supported by 
‘the. "A? frames and by the rod or “broomstick” of the primary mirror end bell 
assembly which is in turn supported in a spherical bearing. The influence of 
gravity on the internal structure tilts and decenters the RCFLA relative to 
the primary mitror. Load ‘compensation fortes are applied at critical points 
of the structure and of the RCFLA to reduce structural deflections and RCFLA/ 
primary mirror misaligment,. Figure 4.4-3 illustrates the condition of the 


COA for uncompensated and load-compensated cases. 


Although the gravity distortion of the stereo nirror has been minimized through 
load compensation, méasurements of wavefront quality made in ary single test. 
attitude are in error (deviate from the "ZERO-G" wavefront} by the amount of 


residual gravity-induced distortion present in the stereo mirror efter Load 





compensation. This residual component of gravity-induced distortion Is can- 
celled by averaging the wavefront optical path difference (OPD) arrays obtained 


in the +¥ up and -Y up orientations of ‘the COA. 


A similar averaging technique is employed to eliminate the effects of residual 
structural distortion on the determination af best phetograpbic focus and 
image-~plane chéracteristics. A simplifying assumption is made that these para- 
meters are equally and oppositely affected hy vehicle orientation to gravity. 
‘Best photographic focus (BPF) and image-plane characteristics are then derived 


from the average of results obtained in the +Y up and -¥Y up test attitudes, 


Photo-optical testing accurs at the nominal anticipated operational temperature 


{65.SF) and in a soft (dptical) vacuum enviroment to minimize the effects of 
4,4-7 aia 
Handig via BYEMAN. 
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Figure 4.4-3. Condition of COA for Testing 
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thermally-induced air stratification or turbulence in the long air-test optica) 


path. 


Final assessment of optical performance is made at the full COA assembly 

level after COA vibration at acceptance levels. Estimates of the single- 
pass, static, heterochromatic optical quality factér (OQF) and Limiting tri- 
bar resolution at 2:1 contrast are derived from wavefront samples ecbtained 
axially, at the center of the 5 platen position, and at the +1.05 degree semi- 
field anglé positions, THé méasured indices of the matinfacturéd refractive 
elements are employed in the software program used to compute modulation trans- 
fer functions (MTF's) and resolution values. This permits incerporation of 
the specific axial- and Field-¢olor aberrations to the OQF of the manufactured 
lens, Smear MTF's calculated from the 9 and 5 film drive component aptical 
encoder and drive smoothness tests are used te predict dynamic quality factors 


and limiting resolution values of the COA. 


Post-vibration testing includes a calibration of these photo-optical para- 
weters requived fer flight operations. These include: 
(1) effective foeal length CEPL) 
(2) settling time of the stereo mirror 
(3) stereo-irror instrumentation and Tine of sight (LGS) 
(4) YA" and "BY reference mirrer LOS 
(5) integrated transmittance for the 9 and S systems 


(6) S1-PRG operational baselines 


through-focus, tri-bar resolution testing performed axially and in the 11.05 
degree semi-field positions. These resiits are adjusted for testing/operation- 


al environmental differences. 


The camera is selectively shimmed to the mounting pads of the RCFLA to opti- 


mize axial performance and equalize field performance for the 9 film drive 
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Confirmation of proper platen setting is derived from "through- 


platen interferometry" occurring under thermally-stabilized and load-com- 


pensated conditions, in the +Y orientations. 


Through-focus interferometry 


acquired through & mm objectives located in the 9 and 5 platens is evaluated 


to confirm that both platens are set at their best focus positions. Sl sensor 


and PRG operational baselines are established for these conditions. 


4.1.2.3.1 


Objective of COA Testing. 


(1) 


(2) 


(3) 


(4) 
(5) 


(6) 


Objectives of COA testing are: 


To verify that the basic optical parameters are set in 
compliance with appropriate drawings and specifications. 


Detection of errors in the assembly of the optical 


components. 


To determine the single-pass level of performance of 


the system, 
To determine the focal plane of the system, 


To demonstrate the stability of the photo-optical 
parameters during acceptance-level vibration. 


To calibrate the photo-optical parameters required 


for flight operation. 


The standard COA acceptance test flow is summarized in the paragraphs which 


follow. 


4.1.2.3.2 


Pre-Vibration Testing. 


(1) 
(2) 
(3) 


(4) 


Measure S1 and RCFLA/primary mirror alignment. 
Load compensate in the +Y up attitude. 


Perform axial interferometry and static tri-bar 
resolution testing. 


Roll the COA to the -Y up attitude and load 
compensate. 
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Perform axial interferometry and static tri-bar 
resolution testing. 


Establish Sl and PRG sensor vibration baselines. 


4.1.2,3,3 COA Vibration. COA vibration comprises X-axis sine vibration 


over the 10 to 50-Hertz frequency range. Figure 4,4-4 shows the COA on the 


vibration fixture. 


4,1.2.3.4 Post-Vibration Testing 


(1) 
(2) 


(3) 
(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


Measure S1 and RCFLA/primary mirror alignment. 


Assess stability of S1 and PRG sensors through 
vibration. 


Load compensate in the +Y up attitude. 


Perform interferometric and static tri-bar 
resolution tests on axis and in the fields. 


Roll the COA to the -Y up attitude and load 
compensate. 


Perform interferometric and static tri-bar 
resolution tests on axis and in the fields. 


Evaluate stability of quality and focus 
over 10F range. 


Measure: a. Effective focal length 
b, Stereo mirror crab and stereo angles 
c. Instrumentation 
d. "A' and "Bi" reference mirror angles 
e. Stereo mirror settling time 


Perform through-platen interferometry to confirm platen 
position. Establish S1 and PRG sensor flight baselines. 
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Figure 4.4-4, COA on Vibration Fixture 
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After atceptance testing, the COA -is committed to COM and higher-level 
assembly buildup. The kinematic nature ef COA support in the external 
structure, coupled with clearance checks. at critical peints, and proven 
hand Ling rechniques , élininate the necessity of photo-optical testing at 
higher levels of assembly. The standard COA assembly and test Flow de- 
seribed in these paragraphs is shown in Figure 4.4-5, 


Ape. Electrical /Méechanical Component Testing 


"Component! is a tere used to denote a black box rather than «2 part. Conm- 
ponent testing begins with in-process tests designed to denionstrate integ- 

vity of wire rums and functional operation at selected points in the assembly/ 
buildup stages. In-process testing is performed on electrical boards, modules, 
‘Botors, encoders, potentionieters arid box subassemblies. The objective of in- 
‘process testing is to perform checks te verify eperation or detect part defects 
and assembly errors at the earliest practical point in the assembly cycle with 


@ Winidlum test complexity. 
4.2.1 Acceptance Testing 


Acceptance testing is cenducted on all assembled components utilizing either 
specialized test equipment or the common use test set (CUETS) shown In Figure 4. 
4-6, These tests verify that the ¢lectro-mechanical-optical parameters comply 
with the appropriate drawings and specifications. In addition, calibration 
data 1s obtained for those parameters hot available in higher-level testing. 


A typical acceptance test flow is as follows: 


(1) in-process testing 
(2) Insulation. resistance and continuity tests 


(33 Electro-méchanical-optical functional operation 
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Figure 4.4-5. COA Assembly and Test Flow 
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Figure 4,4-6, CUETS System 
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(4) Environmental testing as required: 
a. Functional hot test 
b. Functional cold test 
c. Functional vacuum test 
d. EMI test 
(5) Vibration (three-axis random) (power on as required) 


(6) Post vibration testing consisting of items 2 through 
4 above, as appropriate 


(7) Mass properties measurements 


In addition, system-like testing of the film-handling components (film supplies, 
the dual platen camera and the take-up mechanisms) is performed to determine 
film-handling performance prior to the buildup of the major assembly. The test 
set for the film-handling system is shown in Figure 4.4-7. 


4.3 Major Assembly Electro/Mechanical Testing 


Major assembly testing includes acceptance tests of the camera optics module 
(COM), the supply electronics module (SEM), the satellite reentry vehicles 
(SRVs), the dual recovery module (DRM), and the photographic payload section/ 
dual platen extended altitude capability (PPS/DP EAC). These tests are designed 
to evaluate performance to specification requirements and to detect, as early 
as possible, defects and failure areas. Testing of major modules and of the 
complete assembly is accomplished in a systems-level concept using functional 
tests which check interaction of components as well as integration and 
performance of such subsystems as film handling, command and instrumentation 
subsystems, environmental control subsystems, etc. In addition, the pre-launch 
validation test sequences are performed (with the vehicle horizontal} at ambient 
pressure, factory temperature, and representative launch pad voltage conditions 


for baseline comparison to later field exectition. 
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Figure 4.4-7, Supply Assembly Test Set 
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Following acceptance testing of the PPS/DP EAC and Air Force buy off, the unit 
is placed in protective storage until 12 days prior to shipment. At this time, 
a pre-shipment, functional revalidation test is performed. A data review is 
held with the Air Force and the unit is shipped to Field Activity South (FAS) 


for field flight-readiness validation, arming and launching.* 
4.3.1 Camera Optics Module (COM) Acceptance Testing 


The COM is acceptance tested in accordance with the test flow shown in 

Figure 4.4-8. The camera optics assembly was fully tested during buildup, 

and no further lens system optical quality testing is performed. (Note: 
Section 4.1 covers the pre- and post-vibration testing of the optical system.) 
However, additional electrical and mechanical testing is performed at the COM 
level, including the "hot-dog"** simulation test (broomstick check) to deter- 
mine whether there is any mechanical coupling between the COA and the external 
structure. During this test, the broomstick is translated in the +#Y and +2 
directions, 0.093-inch and 0.500-inch respectively. As the broomstick is 
moved, the S-1 instrumentation is monitored for any changes which would in- 


dicate mechanical coupling. 


As a separate effort, the forward barrel is given an operational test of the 
viewport door prior to mating with the COM. Further tests are performed at the 
PPS/DP EAC level. Following COM testing, the COM and SEM are mated, the 

weight determined and the Tex measurement made thoy = mass moment of inertia 


about the vehicle X axis). 


4.3.2 Supply and Electronics Module (SEM) Acceptance Testing 


The SEM is acceptance tested in accordance with the test flow shown in Figure 


4.4-9, When received in-house, the supply and electronics structure (SES) 








*Reference Part 4, Section 5, Storage and Shipment. 
**Hot-dogging' refers to bending of the external structure due to thermal 


influences. 
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2. Assembly steps shown to indicate 
levels at which testing is 
performed. 


Figure 4.4-8. COM Assembly and Test Flow 
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Figure 4.4-9. SEM Assembly and Test Flow 
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is modified as necessary* and tested. SEM level testing then starts, be~ 


ginning with eléctrical continuity and leakage, followed by a “POWER ON® 
sequence where each system .is "carefully" turned on (Since this is the first 
time that all the components (black boxes} have werked tegether in a systeni 
ahd monitored for proper operation, The instrumentation verification portion 
of SEM testing sets each instrumentation point (including some on the DRM 
within specification. The film-handling systems are operated for the first 
time in the tracking test. The camera operations and system level tests sre 
functional tests which serve as the pre-vibration baseline for the PPS/DF EAC 
tests: There is ne post-vilration SEM test. All post-vibration SEM testing 
is accomplished at the PPS/pP EAC level where failure analysis, repair and re- 


‘placement xapabilities are essentially identical to those at the SEM leyel. 
4.3.3 Dual Recovery Module (DRM). A€ceptance Testing 


“The DRM consists of two satellite reentry vehicles (SRV's), an eftectabie 


each unit is inspected for pinrsical defects and acceptance testing -performed. 


4.3.3.1 UAcand FA Accéptante Testing. The EA/FA and taumnel] seal and Feeord 
trap (TSRT) ‘assembly and test Flow is shown in Figure 4.4-10. As @ part of 
the receiving inspection procedure, and also following painting and striping 


and installation of the TSRT assemblies, the EA and FA are tested for: 


{]} Electrical continuity 

(2) Isolation resistance 

(3) Bridgewiré resistance of the pyrotechnic circuits 
f4} Leak rate of the film path enclosure 


¥Roferende Part 1 Section 3. 
#*€General Electric Reentry. avid Environmental Systems Division manufactures 


the SR¥'s. LockKhéed Missiles and Space Campany manufactures the EA and FA. 
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Figure 4.4-10. Assembly Flow and EA/FA/TSRT Test 
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4.3.3.2 SRV Acceptance Testing. The SRV's are tested in accordance with the 
test flow of Figure 4.4-11. The major points checked before integration of 
the SRV's into the DRM are: 


(1) Bridgewire resistance of pyrotechnic circuits 

(2) Electrical continuity 

(3) Isolation resistance 

(4) Leak rate of the film take-up enclosure 

(5) Film take-up operation 

(6) High pressure leak check of the spin and despin bottles 


(7} Reentry programmer functions 


4.3.3.3 DRM Buildup and Testing. DRM buildup and testing starts with mount- 
ing of the SRV's in the EA and FA* and checking the alignment of the film take- 
ups. To assure proper operation, electrical continuity checks, isolation re- 
Sistance checks, leak rate of the film enclosure and reentry programmer function 
checks are performed (see Figure 4.4-12). The DRM is vibrated to acceptance 
levels, and the weight, center of gravity and Te values are determined (TL. cS 


mass moment of inertia about the X axis). 


After the vibration of the DRM, take-up alignment is checked and the DRM is 


completely retested according to test procedures which encompass the following: 


(1) Electrical continuity 
(2) Isolation resistance 


(3} Bridgewire resistance 


*Reference Part 4, Section 3 for order of assembly. 
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{4} Leak rate of the film enclosure 


{5} High-pressure leak check of the spin and despin bottles 





{6} Reentry programmer function 


Following an overall inspection, the DRM is ready to be integrated with the 





4.3.4 Photographic Payload Secticn/Oual Platen Extended Altitude Capability 
(PPS/DP BAC} 

The PPS/OP BAC is assémbled ‘ahd tested in accordance with the flow plan shown 

in Figure 4.4-13. A brief description of each step in the flow plan is 


Sresented hy Table 4.4-1, 


Final assembly begins with mating of the SEM and COM to form the SEM/COM unit. 


The broomstick test which simulates hot-dogging is repeated to verify there is 





no coupling between the COA and external structure (reference paragraph 4.3.1). 
An i... yalue is determined for the SEM/COM using the test setup shown in 

Figure 4.414, and combined with the Ly yalue of the DRM (reference paragraph 
4.3.3.3.) to obtain an overall Dx value for the PPS/DpP EAC. After SEM/COM test- 
ing, the DRM is mated to the SEM/COM and the PPS/DP EAC prepared for testing. 
Figure 4.4-15 presents a view of the general assembly area where PPS/DP EAC 


testing takes place. 


Pricr to PPS/DP EAC functional testing, tests are performed to validate the SEM 





post-vibration condition and DRM post-vibration film tracking. (Tracking 
tests are deferred to the PPS/DP EAC configuration so that they may be performed 


gn a unified film-handling subsystem.) 





Functional testing of the PPS/DP EAC encompasses exercising aii PPS/DP EAC 


systems excluding the SRV sequences which are checked separately (RECAL testing). 
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TABLE 4,4-1 
PPS/DP EAC TEST AND ASSEMBLY FLOW DESCRIPTION 








Block* Test or Procedure** 
1 ASSEMBLY INSPECTION 


After the SEM/COM and DRM are mated, a final inspection is made 
and the unit prepared for acceptance testing. 





2 S1-PRG TEST 


After DRM mate, S1-PRG measurements in the +Y orientation are 
made in the calibration and operation mode. 


3 FILM ENCLOSURE LEAK RATE TEST 


The film enclosure is tested for tightness by pumping in air to 

2 inches of water pressure and measuring pressure drop after 13 
seconds. This is done for +Y film supply enclosure (FSE) vent 
capped and uncapped. The PPS is moved into the "test tunnel" when 
leak rate testing is completed. 





4 CONTINUITY TESTS 
Continuity measurements are made for command lines from the PPS/SCS 
interface (I/F); bridgewire measurements are made at safe/arm re- 
ceptacles; command line resistance and resistance of input power 
and signal lines are measured, 


5 ISOLATION TESTS 


Electrical isolation between structure, returns, and feeds at the 
PPS/SCS I/F are measured. 


6 INITIAL CONFIGURATION TESTS 





Checkout of continuity loop (C/L) and timing signals (TS) are made. 
The initial power up sequence is performed to verify initial con- 
figuration. 





** Test and Procedure steps from flow chart (Figure 4.4-13). 
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TABLE 4.4-1 (CONT'D) 


Test or Procedure 
PRELIMINARY PPS SUBSYSTEM CHECKOUT (C/O) 
All subsystems are operated except film handling, SRV's, and 
pyrotechnic, Currents are measured and instrumentation outputs 
recorded and verified te be. correct. 


PPS/SCS I/F C/O (AMBIENT CONDITIONS) 


All I/F commands from both decoders are sent to the PPS/DP EAC 
across the I/F. 





DTU C/O 


Operation of the DTU system is verified for both sides. This includes 
using all formats allowed and checking cross strapping capabilities 
to the MDTU. 


PRELIMINARY FILM TRACKING 


A short tracking test is run to verify 9 and 5 platen drive and 
film handling operations. 


Film in the 9 and 5 fiim-drive system is exposed to light. from a bulb 
on the primary mirror for a specified period. This film is later 
evaluated for indications of slit blade contamination, 


9 TRACKING SRV 1 & 2 


An extensive tracking test is run at several different speeds to 
verify camera and film handling operation in the strip mode. Adjust- 
ments are made, if necessary, at tiit frame coupiers and RAM. The 
RAM is then fired and tracking into SRV 2 is performe!, in the 

same manner as done for SRV 1 tracking. 


ENVIRONMENTAL LAB LOWERS TUNNEL TEMPERATURE 
The: temperature of the test tunnel is set to 59 - 61F. This is 


done to allow checkout of the environmental system anc 29 parfern . 
other test sequences at this low temperature. 
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TABLE 4.4-1 (CONT'D) 


Block - Test or Procedure 





14 5 TRACKING SRV 1 § 2 


An extensive tracking test is rim at several different speeds to 
verify camera and film handling operation in the strip mode. Adjust- 





RAM is then fired and tracking ints SRY Z is performed, in the same 
manner as done for SRV 1 tracking. . 
rs ASSEMBLY REMOVES FILM 


The 9 and 5 film is removed from both ftake-ups, The film from SRV 1 
is processed and the contamination test film evaluated. The system 


16 ASSEMBLY REFURBISHES S/C 
47 -FILM TRACKING AFTER RESPLICE 


.. Short ‘tracking test for 9 and 5 film-handling systems is run to 
verify prover operation after fiim resplice and $/€ refurbishment. 





1g COMMAND MONTTOR CALIBRATION 


ALL levels of command bit monitors (CBM's) possible are commanded 
and verified. 


39° © INSTALL RAM TRACKING AIDS 
Assembly installs a Special data track assembly at the RAM, to allow 


data tracks to be placed on the 9% and 5 film at the RAM location 
during 9 Baseline Fracking test. 





20 9 § 5 BASELINE TRACKING IN ATR 


Film is run in the strip mode with thé camera and RAM data tracks 
“ON.. This tést iS run in the +Y and +2 ofientation. Evaluation of 
- 9-and § film is made after. film removal to verify tracking requirs- 
ments ere satisfied, 





al UUNT'F CONFIGURED FOR RAM FIRE IN VACUUM 





RAM tést block is installed-with live ditiple motors. RAM safety 
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Ge TABLE 4.4-1 {CONT'D} 


Block Test or Procedure 


device removed and all FSE covers are torqued down with FSE vent — 
cap removed. 


The pressure. in the tunnel is lewered to less than I sim hg. 
23 SERVO CALIBRATION AND CURRENT TESTING 
Calibration of crab and stereo serves, 9 and 5 slit mechanisms, 


9 aid 5 NPA, and 9 and 5 SRC is performed. Current test for crab 
and steréo serve motors, is alsa performed, 


238 HEATER TEST 


Plight. and ground heaters are operated and currents measured for 
each branch and zone, 


4 6 25 PPS/SCS INTERFACE C/O 


ae This test is performed at high yelvage and low current ‘for ali I/F 
commands from both decoders excepc the pyrotechnic functioas, The 
test is then repeated et low voltage and current. 


26 SOLAR ARRAY POWER TESTING 


Main power to the PPS/pp EAC as varied by a deilte of pius or minus 
3 volts every 0.1 - 0.2 second around normal yoltege while all PPssnp 
GAC systems are exercised, 

a7 @ 8:5 BASELINE TRACKING IN VACUUM 


‘an 


This test is similar to air baseline test. Test is pesforned with 


28 DVMS § PHASE ERROK 


File is run at several spesls dm the high altitude normal and high 
speed, tow altitude noxmal and tigh apoed ranges. while acquiring 

> DYMS and phase error data. This test is done for both sides of the 
FPLLE, 


Each speed in thé high altitude normal and low altitude normal range 
is rud three times at varying franc (eugeds. 
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Block Test_or Procedure 
28A 9 & 5 FILM DRIVE FUNCTIONAL 


A functional test is performed on the 9 and 5 platen drive systems. 
Film is run at various speeds, all SRC steps checked, FPLLE C/O, 

slit C/O, crab and stereo servo C/O, simultaneous ¥ and 5 operations, 
simultaneous commanding, and focus system C/O and camera automatic 
eff system C/O. 





29 VELOCITY SENSOR CALIBRATION 


Several speeds in the low altitude normal FPLLE range are run. A full 
looper and one long strip shot is run for cach speed. Calibration of 
the velocity sensor is done post-test by a special computer program 
using the velocity data recorded on the tape during the test. 


30 EXTENDED TRACKING 





Extensive film tracking inte SRV 1 is performed throughout the full 
speed range of the film-drive system. The S/C is then fired, 
transferring film into SRV 2, The same tracking test is then repeated 
into SRV 2. Both $ and 5 systems are tested in this manner. 


31 ENVIRONMENTAL LAB RETURNS TUNNEL TO ATMOSPHERIC PRESSURE 
Unit is returned to ambient pressure to reconfigure for further 
testing. 

32 ASSEMBLY REMOVES FILM FROM SPV 1 AND SRV 2 





Film is removed from SRV 1 enc SRV 2 ard sert to processing. This 
film is then evaluated for correct format and other attributes. 
The system is respliced te SkV i. 
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Test or Procedure 
ASSEMBLY REFURBISHES S/C 
FILM TRACKING AFTER RESPLICE 


Short tracking test for 9 and 5 film-handling system is run to 
verify proper operation after film resplice and S/C refurbishment. 


HRM's CONNECTED 
In preparation for high current testing, high current vesistor 
modules (HRM's) are connected to pyrotechnic safe/arm receptacles 


and the high current instrumentation module (HIM) to the TEU 
receptacle. 


ENVIRONMENTAL LAB ESTABLISHES VACUUM IN TUNNEL 
The pressure in the tunnel is lowered to less than 1 mm hg. 
FUNCTIONAL SEQUENCES 

All systems are exercised except the SRV's. The servo systems 
are run from extreme to extreme. and redundant sides of each | 
system are operated. This test is performed twice; once at high 
voltage end current and once at low voltage and high current. 


ENVIRONMENTAL LAB RETURNS TUNNEL TO ATMOSPHERIC PRESSURE 


Unit returned to ambient pressure to reconfigure for further 
testing. 


LRM's CONNECTED 
HRM and HIM plugs removed and low current resistor modules (LRM's) 


and the low current instrumentation module (LIM) connected to 
safe/arm and IEU receptacles for low current testing. 


UNIT CONFIGURED FOR SRV TESTING IN VACUUM 


The FSTE cables are connected to SRV 1 and SRV 2 receptacles. 
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Test or Procedure 
SRV. 1 AND 2 SHORT CYCLE . 


Funetional testing of the normal ‘Covinars mode) recovery sequence 
for SRV 1 and SRV 2 is performed. 


ENVIRONMENTAL LAB ESTABLISHES VACUUM IN TUNNEL. 
The pressure in the tunnel is lowered to less than 1 mm hg. 
SRV 1 §& SRV 2 TESTING 


Ali functional testing of SRV's is performed. This: includes re- 


dundant {channel 1 and 2), fault {channel 1 and 2), primary mode, 
and B/U mode functions. 


ENVIRONMENTAL LAB RETURNS TUNNEL TO ATMOSPHERIC PRESSURE, TURNS OFF 
COOLING . 


Tunnel pressure is returned to ambient conditions and cooling in 
tunnel. is turned off in preparation for further testing. 


UNIT DECABLED AND REMOVED: FROM TUNNEL 


ASSEMBLY INSTALLS PYROS 


Installation of remaining live pyrotechnic devices is accomplished. 


BRIDGEWIRE TESTING 


Bridgewire measurements of all-pyros are made, This testing in- 


cludes a resistance measurement of each drive line and isolation 
line from structure. 


ASSEMBLY ERECTS UNIT AND INSTALLS VIEWPORT DOORS .- > 


The PPS/DP EAC is pi laced on erector truck and erected to install 
viewport doors and perform vertical testing. 


VERTICAL TESTING 


Viewport door testing is perforned at high, low,- and nominal 
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“ TABLE 4,4~1 (CONT'D) 
Block Test or Procedure 
oo voltages. 9 and 5 film tracking is run for strip and short burst 


times. The 9 and 5 slit blades are cleaned. The stereo mirror boot 
assembly is installed and the crab servo mm to verify fit. 


$1 ASSEMBLY LOWERS UNIT 
ca Remaining pariéls are. installed and the efectable hatch is installed. 


The unit is moved inte the tanmnel for final testing. 
52 FUNCTIONAL SEQUENCES 


All systems are exercised except the SRV's. The serve systems are 
run from extreme to extreme atid wedimdant sides of each system op~ 
erated, This test is performed at ambient temperature aid pressure. 


§3 FAS SEQUENCES. 

Test sequences which are peculiar to Pleld operations are rim at this 

time, This includes the Functional Test (similar to Factory Functional), 
& Interreaction tests and Health Cheek. 

The Interreaction tests Yun several subsystems similtaneously ts 

verify thet the PPS/DP EAC and Control Section function normally. wos 

various systems are operating together, The Functional Test differs: 

from the Factory fest because of unit orientation in the Field which 

¢an result in carriage drift and film slippage. 


54 SLIT BLADE CONTAMINATION TEST 
Film in the 9 and 5 film-drive systems is exposed to light from a 
bulb on the primary mirror for a specified period. This film is 
later ayaliited for indicatiovis of slit blade contamination, 


@ © Stouwenee 
Film.is removed frou SRV i and sent for processing. The film is 


respliced to SRV 1. The processed. film is checked to evaluate 
the results of the contamination test. 


56 -FILM TRACKING AFTER RESPLICE 


if Short tracking test. for 9 and 5 film-handling Levey is run to 
verify proper operation after flim resplice and $/G eefurbishment . 


Randle wie BYEMAN 


‘Contec! Syste OA) y 
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TABLE 4.4-1 (CONT'D) 


Block Test or Procedure 





S57 ss BUY OFF 


Unit is. bought off by the Air Force. 


58. ELECTRICAL CONDITIONING 





The unit is configured electrically, aid then bridgewire, drive 
line tesistance, no voltage, and isolation measurements made with 
the. DTU off and power applied... 


59 DECABLE UNIT AND REMOVE PROM TUNNEL 


Unit is returned to assembly fér storage. 


ee ge een pe 


60 STORAGE 


Unit is stored in the clédn’foom or storage tent on an erector trick. 
Every 7 days the unit is rotated 90 degrees, The unit is stored 

on am erettor truck for quick reaction to perform vertical testing, 
if the unit is celled up for usage. 





61 REMOVE FROM ST ‘ORAGE, _REMOVE COVER 8 ASD EKECT UNIT UNIT 
Assembly removes unit from storage for the 90-day exercise. The main 
hatch is. removed arid the unit erected. 


62° "VERTICAL | VIEWPORT DOOR yest’ 


Viewport door testing is performed to satisfy ATP and 90-day storage 
requirements. This encompasses testing at high, low, riomine] voltage, 
cand at least 90 seconds of Primary and Backup motor ON time. Assembly 
performs strain, gage. measuretients and finalizes COM Area. 





63 @ 64 ASSEMBLY LOWERS. UNIT 


Remaining panels are ivistalled and the ejectable hatch is installed, 
' The ant Ls woved inte the tunnel for final testing. 








6S CABLE UNIT PREP FOR VACUUM 


“pA awnanwnn penn Ate 
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Test or Procedure 


SRV 2 receptacles. All FSE covers torqued down with +7 FSE vent 
cap removed. 


FILM TRACKING AFTER RESPLICE 


Short tracking test for 9 and 5 film-handling systems run to verify 
proper operation after film resplice. 


SRV 1 AND SRV 2 SHORT CYCLE 


Functional testing of the normal (primary mode) recovery sequence 
for SRV 1 and SRV 2 is performed. 


ENVIRONMENTAL LAB ESTABLISHES VACUUM IN TUNNEL = 
The pressure in the tunnel is lowered to less than 1 mm he. 


288 I/F C/O 


This test is performed at nominal voltage and low current for all 
I/F commands from both decoders except the pyro functions. 


The crab, stereo, SRC, NPA, slit, and S1 CAL MOTOR are operated for 
a total of at least 90 seconds ON time. ie 


FUNCTIONAL SEQUENCES 
All systems are exercised except the SRV"s. The servo systems are 
run from extreme to extreme, and redundant sides of each system 
operated. 

SRV I & SRV 2 TESTING 

All functional testing of SRV's is performed. This includes re- 


dundant (channels 1 §& 2), fault (channels 1 § 2), primary mode, 
and .B/U mode functions. 


44-39 


Handle via BYEMAN 
TOr SECRET SC Contre! System Only 
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TABLE .4.4-1 (CONT'D) 
Block wee has or Prec oure 
73 SLIT BLADE CONTAMINATION TEST, 





fates Be Siesinie DE LBTE 8 eg HaTeeeaee Aly, NOTIN 


_ Film in the 9 nd.5 filn- ~driye systems LS sabated to.kight from a 
‘bulb on the primary wifror for -a, specified period. . “This film is 
later evaluated for indi¢dtions of slit blade contamination, 


74 ENVIRONMENTAL LAB RETURNS “TUNNEL: 10: -NIMOSPHERIC: P ‘PRESSURE e* a 









“Unit! returned to ambie: 5 essure to reconfigure fon, seth 


Bee as, “es ting. Ph 





7s ENVIRONMENTAL LAB ESTABLISHES VACUUM IN “TiNNEDS "fe 
ee The pressure in the tunnel, is Toweted to less..than I mm hg. 
76 SRV 1 & SRV 2 TRACKING 


; The 9 film-handling system is run in.the strip.mode into SRV 1 to 
Se * verify proper operation. a 3$/C is, then fired and. the: tracking 


"test repeated irite SRV Z. this sequence is ‘repeated for the 5 f£iln- 
handling system. 











FF ENV LRONMENT SS LAB RETURNS § TUNNEL TO ATMOSPHERIC PRESSURE , TURNS ORE 






or pressure is returne ‘to ambient conditions, and. ‘Soothe in 
tunnel is turned off in’ preparation for further testing. 






és REMOVE FILM, REFURBISH RAM, RESPLICE OT ChE a eb 
eeartcs iS Fénoved from SRV 1 


The data from the 90-day cycle is reviewed. 





a a 


sO'-? <“eTiM YRACKING APTER RESPLICE, | 





Short tracking test for 9 and & film-handling systems run to verify 
proper operation after film resplice and $/C refurbishmént. 





Hangle vid BYEMAN 


fantie? Systee Gels 
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i? TABLE 4.4-1 (CONT‘D) 


Block Test or pao censuses 
1 REMOVE FROM STORAGE, REMOVE. HATCH AND ERECT UNIT 


Asseubly removes unit from stévage for final vent test. The main 
hatch is removed and the unit erected. 


Be VERTICAL VIEWPORT DOOR TEST 


a Viewport door emssing is performed at high, low, and nominal voltages . 
Assembly performs strain gage measurements and finalizes COM Area. 


83 & 84 ASSEMBLY LOWERS UNIT 


drbenatann Aa eraetinh an mrensaiieny an arene denn creme? 





stumped ec dmnnneset ie ase pyran AR cm monn ment a emote = mens 


aS CABLE UNTT PREP FOR VACUUM | - | 


Unit as cabled for testing, with FUTE cables connected to SRV I and 
SRV 2 receptacles. All FSE covers torqued down with +#¥ FSE vent 


a cap removed, 


a6 ENV ERONMENTAL LAB LOWERS TUNNEL TEMPERATUR RE 


The temperature of the test tinned i s set. te $9 - GIP, This is 
done th allow checkout of the paleceier el system and te perform 
ofhes test sequences at this Low temperature . 


87 SRV_1 & 2 SHORT CYCLE oo - + 


eune saat eget of the normal (primary mode} recovery sequence 
SRY i aud SRV 2 is performed. 





88 ENVIRONMENTAL LAB ESTABLISHES VACUUM IN TUNNEL 
> The pressure in. the tunnel is lowered is less than 1 wm he. 
Bo 288 ALi’ C/o. 


a imhnmmntansNtttntth Ahi sonnet 





This test is performed at nominal voltages and lew current for all - 
> I/F comhands f¥om both decaders except the pyro furctions, 


Handte via BYCMAR 
tantrol Systes Orly 
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TABLE: 4.4-1 {(CONT'B) 


Soc vTest: or Procedure 


FUNCTIONAL SEQUENCES 


All systems are exercised .except- ‘the SRV's, The ‘servo systems are 
run from.extreme to extreme p-and -redundart: sides wf.-each system 
operated. 

WiTysn av od 


SRV 1 §& SRY 2 TESTING 
ALI Binet ehnhl testing of SRV's. is eer cor “This inetides re- 


dundant (channels 1 §& 2), fault (channels.] § 2),\ primary mode, 
ae BU mode functions. 


“ENVIRONMENTAL LAB. RETURNS TUNNEL, TO ATMOSPHERIC PRESSURE. 


Pie 
Unit returned to anpient pressure to reconfigure fot further 
testing. 3 tat8 22 CAHIR Abou <4 


dep ae aeneth = 7 camer cine rat < ee Sa es 


‘ENVIRONMENTAL LAB ESTABEISHES: VACUUM “IN TUNNEL «f.° 0 & 


The pressure in the tunnel is lowered to less than D-mmthg. 





eae Tae ie Bac Sa f 4 BE 
The 9 film-handling system is run in the strip inode: | into SRV 1 to 
verify proper operation. The yS/C is. then fired ‘and the ‘tracking 
test repeated into SRV 2. This Sea eece is repeated for the 5 film- 
handling system. EEG £ ‘ iy QhSti od 


ENVIRONMENTAL LAB RETURNS TUNNEL TO ATMOSPHERTC PRESSURE; TURNS OFF 


«vid eorie . 44 AS 


5 “Puftinekinkeseure - is returned ¢ ctio-vambi ent conditions : ancooling in 


tunnel is turned off in preparation. “for further testing. - 


REMOVE FILM, REFURBISH RAM, ORESPLICE 3 3% 0h 4) SdeA Det 


“.4Film is removed from SRV cWitaride SRV 2... The-fi lw -front SRV 2cis. sent 


for processing. The film is respliced to SRV 1. Assenisly wefurbishes 
the RAM. The processed film is checked to apes uate eee results of 





the contamination test. Peat oa - oad Moa 
# giyts ron hactcss T4. 
24 4A? 


Handle via BYEMAN 
Control System Only 
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TABLE 4.4-1 (CONT?D) 





Biock ' ; Test. or Procedure 
97 FILM TRACKING APTER RESPLICE a & 
Shert trecking test for ? and-S film-handling systems run to verify 


proper operation after film resplice and .$/C aa eH Seine Es 


98 DATA REVIEWED 


The revalidation data is reviewed with the Air Forée, 


99 EXCESS FILM REMOVAL eS : es : 
The excess 9 and & film, abeve the operational use figure, is run 


inte SRV I. Burst ane strip modes of operation are used. to ‘run 
1, 5, 10, 20, 50, or 100 foat letgths as required. a 


100 ASSEMBLY REMOVES FILM FROM SRV 1 


Sand 5 film is reroved from SRV 1 and system respliced back to SRY EL. 


Go 101 FLIN TRACKING AFTER RESPLICE . - 


Short tracking test for 9 and S$ film-handling systems run. “to verify? 
proper operation after film resplice. 


102 EPOXY COUPLERS & RAM SCREWS, PANEL, PNSTALLATION 


ica te Pa IRC OOM LEO tL TSR APIS SEN PRON Rae TN 


Assembly: performs required oa 


103 ELECTRICAL CONDITIGNING 


satgn ness stamar 0 mara yar Lo CONDITIONS annette 


The undi is configur ed electricatly, and then bridgewire, drive line 
resistewnes, a voltage And feelation wessurements dade with the 


‘2 OTU Off and péwsr applied.. 


104 DECABLE ‘ONIT AND REMOVE FROM TUNSEL =~ at 


0 : 





ari the FSR prepared For final leak 





Handle wia BYEMAN 


fantrol System Gry 
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TABLE 4.4-1 (CONT'D) 


Block Test or Procedure 





2 inches of water pressure and-meéasuring pressure drep after 
13 seconds. This is done for +Y FSE vent capped and uncapped. 


106 6 107 ASSEMBLY SHIPPING PREPS 
Final assembly preparations of whit prior to shipment, Checkout of 


trailer and shipping container performed. The FPS/DP EAC is placed 
into the shipping container and the container loaded onto trailer. 





108 SHIPMENT 














44-44 & 


Handle via BYEMAN 


tgktrol System Onty 
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Figure 4.4-14. SEM/ COM es Measurement Equipment 
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Figure 4.4-18. 








- 
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In addition, the following tests are performed: 


BIF-008- W-C-019842-RIT-80 








(a) Continuity of the electrical systems. 


(b) Current profiles of the system at ambient and under 
vacuum conditions, 


*(c) Measurements of film drive smoothness, velocity, and frame 
length. 


*(d) Calibration of stereo, crab, SRC, platen, and slit travel 
rates. 


*(e) System tests in ambient and cold environments, 
(£) Checkout tests of the DTU and hardline instrumentation. 


(g}) Slit contamination tests. 


At the completion of Acceptance Testing, 9 and 5 prime film is loaded if 
unit is to be placed in a readiness condition. This requires additional test- 
ing to verify tracking and cleanliness of the slit. The flow plan for this 
work is shown in Figure 4.4-16. A brief description of each step in the flow 
plan is presented by Table 4.4-2. 


*Testing performed under vacuum conditions. 





4.4-47 
Handle via BYEMAN 


TORSECRET G Control System Only 
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Figure 4.4-16. 


PPS/DP EAC Assembly and Test Flow for 
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TABLE 44-2 . 


PPS/DP EAC ASSEMBLY AND: TEST: -ELOW | FOR FILM CHANGE DESCRIPTION 


Test br. * Broceduret* mans! 


Senet Sati . 


REMOVE FROM STORAGE, LOAD. eat 


The unit is removed. from. ‘ stogagel or from test tunnel. at the end 
of normal acceptance testing. Prisp: ‘film loads are installed. 


me “ 


REMOVE COVER, ERECT UNIT, REMOVE. VIEWPORT DOORS, LOWER’ UNIT 


Assembly removes. the main haéch $0: chat the viewport deers can 
be removed after. the-unit-is-ereeted:;-This-is required’ SO “that 
film tracking: can be Viewed through the slit in the camera. 


HORIZONTAL TRACKING | - 2 ! - | | i : 


The 9 and 5 film- baiting systems are run °to. verify proper, 
operation and to make adjustments (RAM and tilt frames) ” af 
required. : 3 1 


aeeae a 5s" ot : ea 


ERECT UNIT, VERTICAL. TRACKING, CLEAN SLITS ° eee 





The unit is wecéted to perforn . vertical film- Inandi ing testing 
and clean the 9 and 5:slits.-The film- -handling tests are done 
to acquire a baseline for: FAS: testing, using the: ‘film: ype. that 
will be run at FAS. . | fda 4 se | 


1 


LOWER UNIT, CHANGE, “TRUCKS MOVE INTO TUNNEL, CABLE | UNIT sy 


i 
The unit is changed from an erector to.a- sack truck! ‘t0-allow 
a Na in the: tunnel. 


INSTALL RAM TRACKING AID . oe 





Assembly” instal’ a special data track assenbly at the: RAM! to 


Pe SS { eae! 
4 f 


teen 2 area ae maa 





a 


* Block numbers Sefer to  £low chart (Pigues 4,4- we b> ecient trniemes 


** Test and Procedure steps: from flow chart: (Figure 4.4- 14) i ty 


gh 


ba 
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TABLE 44-2 ecules 


Block 












































9 
a?) 
: “ek wolia a BN bere ey 
4} 9 & 3 BASBLINE TRA * ath 
This test is similar te tie SM 
with ane An *#. 0 < ptations.. 
AZ SLIT CONT AMENATION TEST 
Film in the 9 and 5 § fiim-d ive, systems : exposed, 3 £o,light. from a 
palb OA the pFimarytmirtie fOr fb Specified period.” Thi im is 
later evaluated for slit contaminatian. ak 
13 RETURN TO_AIMOSPHERIG: 
bay tee Ee ij sj : ings gee OLY 
DOQnee? fe eeriened £5 ‘GBS ne Brees tan” pares a asasembis 
testing . 
14 


— ete FILM, _ REpELICE | 


respliced to SRY i. 








Handie via BYEMAN 
Kortrat Syste Orly 
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Block 


@ 1s 


ve 
sondtte 
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@ : 





RA A 


camera /RAM data tracks for proper. tracking . 





2 
17 _ RECABLE. UNIT, REMOVE FROM TUNNEL 
tL 


18 


ai ay 
22 ft 











4, S28 ,ain hakehed§ instajaed. 


22 ‘ STORAGE 


— 






Unit is placed in storage in a veadiness-condittar 
Assembly. and Test Plow. APigare, Be As Se gr. fURRNEE. acta: 
“gturage’ and’ retest, * : 








(hfe SI 
tte ’ 7 ai See Kandla via SYEMAN 
; ue $ iba 4 ' _ “get & cantet Byatem anty 


Approved for Release: 2017/02/14 C05097360 





Approved for Release: 2017/02/14 C05097360 


2. T34992 107 





BIF-008- W-C-019842-RI-80 








4.3.5 Pyrotechnic: Rete: een 





Ebeetricalscheckoutcof the PPS/DP. EAC-ineludes. yetification. ¢ of Pytotechnic 


subsystem prea aee using the end-torend electronics (EEE) ‘test, _ equipment. 








- wh ony 4 7 
eae, ee a ee mr Peed 
Pek ke ah ke Post d CERES TEL , Ae Buby 





ne le - Hina ot, Gale © 
JIT tate Od £O0 ites Tt 





For EEE testingjcand also.for seeraedcar the: yaaa. special, low= current re- 


Pes PTS Fe 





sistor’ modulesoare inserted, between-the vehicle axm plugs and their, sockets. 
ThESé act 4$> safety plugs. to, prevent accidental fining of. a, pyrotechnic, de- 

vice and allow a trickle current to be fed through the device. bridgewire _ for 
testing. Additional types of EEE hardware modules simulate pyros or monitor 


iced naaclonmmemaiieciia 4 DRE ce ingle 


eo 





me ee he ta ee Fae hs “Sh = .) to 
eUsaen trond CGS D4 ger twas kre ert tare tens ¢ 
tus 


ne t oi eres 


4.3.5.1 Resistor Module Types. Low current resistor modules. {LRM 's) are 


me Ay aq See y 


used for low current testing measuring bridgewire resistance. Each LRM puts 





"a pesistive load. int series;with. the, bridgewire and ,acts.as ja l'safe!' PER 
High current resistor ‘modules.--GikM' S); allow high current shgsting. through ‘fs 
Sloe wine 


vehicle cabling and connections to verify cable integrity and measure system 
impedance. Each HRM simulates the actual bridgewires oy i go.saq 


“Fhe ‘low2and “high eurrent instrumentation -modyles..(LIM.and HIM) are.used on 
j i i SRL We Se ee Mae ee Ly Be 
the*initiatonjelectroni¢s unde: (TEU) between LEY connector. J8_ and arm, plug 


W99, and indicate current draan:during testing. - The HIM. lye, is used with. 


eH) 


HRM's (high current testing), and the LIM plug with LRM's (low curvent test- 


ing). For high! cutreat testing,. dummy, 1BYF9S, are, installed, wherever possible, 


and. the renaining, live’ byros: (Gn the? Gutter /séaler ahd: tunneddseal and re- 


euyit 45 ~ = 
Ear lade oo er ba, 
ait a hats aid Sees 


cord trap mechanisms) ‘bypassed by test cables, 4 he o 
ci A ESO 





a a1 


There is one special RAM* module which allows firing of the splicer mech- 





anism to test the splice, and also the take-up power Swit cHing functions. The 


*RAM (record attach mechanism) is an unclassified term for splicer mechanism. 


ha Se Se 4 
GO -nj- 





HAMI+§ Sav 216-68 
(eG *etey? battens sy = ~ 4,452 
faye Eatred won, t3989332 FOT Handle via BYEMAN 


Tor-secret _© Control System Only 
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RAM module allows actuation only of the splicer mechanisms while protecting 


¢ ne 9 


all other pyrotechnic devices associated with thatarm'plugsndsezore! 7 EL 


For testing “the: primary’ ahd “backup! viewport déo# ilotors tand: the »9- and: Srbakes 


sag 
i2te ot 


up motors, ‘there are four motor “sabéysten modules (MSM! s)° which? can. be: placed 
between junction box connector J216 and arm plug W98. These four different 
types either “Simiiate% ‘or allow actilal' fesdehréugh tothe motors: : Bor BX “ro 
ample,” ‘one’ ‘pide Simulates thé two'viéwpdrt' dos? totorsiand aldows' ther ance 


up motors to ‘be driven.’ ‘Motors thatlarée Simulated: ares fed. avtrickle- current: 


to check integrity. at Pe PE 9G OF PUSTET fl 4oies swells fees jar 
Oo ta gbem Meg, ye kt ge Mp aeny aa dechyowe nah ae + a 
i OR ae ate TOL els! St Switer <ptg TQ #2SEOVT : ie gs cA cn By ay a 
Po ose, the et oo ee ee ie a 
4h 


The yenainthg’ ‘ Ye'sistor niddule’ types are ‘specials HRMIs: and, ERW ss. used; afn thes, 
PPS/DP EAC level for SRV testifigs?* ?hesé5al law fond voringup!tosthe-ern plug con- 
nectors on ae ad Eve: not ee the bridgewires. RECAL equipment hanei es 

i ace owe ae b.Z.2.8 

Rn UL TP Oy Betas wt ot Loew 
etree ended’ ‘Khe Ppoyir 7EAGtis:: Shipped: withi LAMA s installed ps 
safe ‘connectors, “and ‘safe ‘plugs* ifistal ted’ where “rio! LRM*s “ante arsedro mua Agee 


“Tar 


= ah bu 


its 


ou 
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4.3.6 PPS/DP EAC Reva tidation “Pesting?® Sad eeroltcate QE dept. eer 


ne beer oce Cl ints SIUC oot hen. wakes ewe gaia a ee ee are re 
For a vehicls which has compléted “acceptancé “testing andtis in ‘stonagevin -ex- 
cess Of "21 days: va’ pévalidation taseteg ee 


fies "Feval dat én’ ‘accomplishes’ ‘the #61 lowing?” * AeTTuS SyeOLoaE bes OH 
aha? Tee viry wey g TRA seh ee Mag REY a 
sg an wae ATi Tue a odd bag , fonitiags SHSTICS saci) 2 MAH 


 Henoastration” bP sropett épéFHet on26£: all PPS/DPSEACi; io4. (gn 
OTE ae s subsystems dnclading. spliger,mechanism, activation. for. 
i es ial checks, 9 the film-h andling systems s594 














and both SRV's -e9idss teot yd beeeenyd fame bassts uy ang breo 
“ig toohlah eft ta satyi> augt is tae ot yt bat 
ofige 9dt Zo grinit avefls asidw efuhow ~M.; ASL9¢72 916 2h etait 
*Referpnte: Partr:+,-Seet bon: tens. + Cu-OAS sdi ozis bra .g9hiap edt teed oy Metres 
te8 tiga yn + bot ¥banace s ab (ye fesse Dewi ye CLIT ey 
ae iga 9 SSN TdS2Ri oh AS AE LMEISEdS ya GOSTIB HTOsST) MAN® 
4.4-53 
. veg ge Handle via BYEMAN 
Apes eiv 2. anbH =< TOP RET JO oo Erab sey Ey Oty 
Riba pe anes wt, TI8D92 TOT 


Approved for Release: 2017/02/14 C05097360 











RiF-O08= W-C-019842-R7.8 





b. Exercise of all-motors, encoders and. potent ilometers that 
can be detiveted consistent mith the limitations ¢ Of safety 
and configuration. The Viewpert door primary and ‘backup 
systens are included because of their mission-critical 

nd inaccessibility.atthe wad checkoute i svt | 













peseiagpan ia) fil ty ‘dseembPed ‘configuratisy, | ‘for Jsatety? "and ~ 
>, padetesting SSAA er ec SECS ebectereah connections » 
_ Gocker- “saver cables and | 








potentiometers, rollers, and. other mechanigat parts ee are poverty ae 


during PPS/DP EAC Acceptance Testing. Proper operation of electrical systems 
is also verified. 


The configuration for this test is dependent on whether the unit being tested 





is. considered a primary unit or backup unit. A primary unit is the next unit 
fs be shipped. Testing on this unit i8 done at 60F. A backup unit is tested 


at clean room temperature and pressure. 


The 90-day exercise and Revalidation Test are very Similar, with minor differ- 
ences agi indicated on the PPS/DP EAC Test Flow, Figure 4.4-13. This enables 
‘a quick turnaround in tdSe @ unit is called up for usage during a 90-day 
‘exercise or within 21 days after this test. 





Due to usage of 9 and 5 prime film during the 90-day exercise, relaading of 
9 and 5 film loads may be required before call up of unit. In this case, a 
‘special test flow has been planned and is detailed in Figure 4,4-14. This is 
the same plan that was used to initially load 9 and 5 prime loads. 








Handie via BYEMAN 


WEAVE ay - 





2 dente 


Approved for Release: 2017/02/14 C05097360 











Approved for Release: 2017/02/14 C05097360 


IOP. TI OS 
fee nee ae. feria as BI F-008- W-C-019842-RI-80 








J totem rteeton 
4.3.7 onpiede 368 ‘Systéng Leve 


: eee 
BiB OP TaE 7a “SGD 


4 


ee 2 githd cg ibs en igh aa 
rETETS P22 i Tiss 


Continuing bas Flight’ Models*48 
trol of commands .to.the ica eta aeceacle of -hardkine ‘and -telemetry 
The el0Séd-Lodp | 'syStént 1Ssues "a  iftine=coPrelated “se¥ies: of commands 


nfs < wf b 2 ah WE 398 (3 3B DMB «, manatee “SY Bele SAIC ee 


to the ‘Vehicle and . associated support sequipment.s monitors response, to. the com- 


TEEPONSES «| 





mands, determines the correctness of the response | consistent with the status 
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of the vehicle's configuration ‘and ‘performs several coe ~analysis subroutines. 
This computer system is known as _, "Programmable Logic Test, Equipment” (PULTE) 
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